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INTRODUCTION 


The  Yellowstone  River  originates  in  the  Absaroka 
Mountains  in  extreme  northern  Wyoming.  Here,  the  last 
free— Flowing  river  in  the  continental  United  States 
begins  its  670  mile  journey  to  its  con-Fluence  with  the 
Missouri  River  just  across  the  Montana  border  in  North 
Dakota.  Flowing  to  the  north,  the  river  enters 
Yellowstone  National  Park  15  miles  -from  its  headwaters 
and  then  into  the  southeast  arm  of  Yellowstone  Lake.  The 
section  of  the  river  downstream  from  the  lake  has  been 
reported  to  be  the  most  heavily  fished  stream  in  the 
western  U.  S.  Consequently,  parts  of  the  river  have  been 
closed  to  fishing  to  conserve  the  only  trout  species 
found  above  the  Lower  Falls,  the  Yellowstone  Cutthroat. 

About  30  miles  from  the  lake  outlet  the  Yellowstone 
rushes  over  the  Upper  Falls  and  the  Lower  Falls,  through 
the  Grand  Canyon  of  the  Yellowstone,  past  Tower  Falls  and 
Tower  Junction  and  through  the  Black  Canyon  of  the 
Yellowstone.  The  first  major  tributary  to  enter  the 
river  is  the  Lamar  River  joining  just  below  Tower 
Junction  and  farther  north,  the  Gardner  River  joins  at 
Gardiner,  Montana.  The  river's  course  winds,  in  total, 
over  110  miles  through  Yellowstone  Park  to  the  park's 
southern  boundary  near  Gardiner,  the  beginning  point  of 
the  stream  inventory  described  in  this  report 
YELLOWSTONE  RIVER  INVENTORY  -  REACH  II  GARDINER  TO 
LIVINGSTON. 


In  early   September,  1987   three  crews   from  the   Water 
Quality   Bureau  of   the  Montana   Department  of   Health  and 
Environmental   Sciences    conducted   a   physical   features 
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inventory  o-F  the  Yellowstone  River  -From  Gardiner,  Montana 
to  Livingston,  Montana  some  67.8  river  miles  to  the 
north.  Unlike  the  -first  125  miles  of  it's  course,  this 
reach  of  the  river  reflects  impacts  from  man  and  his 
envi  ronment . 

Just  downstream  from  Gardiner  the  river  flows  through 
Yankee  Jim  Canyon  and  further  north  into  the  Paradise 
Valley  where  the  North  Absaroka  Mountains  line  the 
eastern  horizon  and  the  Gallatin  Range  the  west.  The 
river  slows  in  the  Paradise  Valley  becoming  more 
hospitable  with  paved  highways  flanking  and  sometimes 
restraining  the  river.  No  major  tributaries  feed  into 
the  Yellowstone  in  this  reach,  but  many  smaller  streams, 
like  the  famous  Armstrong  and  Nelson  Spring  creeks  -  and 
other  creeks  like  Tom  Miner,  Mill  and  Trail  -  contribute 
to  the  river's  flow. 

The  Paradise  Valley  is  noted  for  its  beauty,  for  its 
wind  and  its  fishing.  Outfitters  and  anglers  from  around 
the  world  descend  on  this  stretch  of  the  river  to  sample 
the  renowned  fishery.  Rainbow  and  brown  trout  have 
displaced  the  native  cutthroat  and  find  the  river  habitat 
ideal.  South  winds  often  hamper  the  popular  fly  fishing 
with  speeds  that  commonly  reach  50  miles  per  hour  and 
occasionally  up  to  90  mph  or  above. 

The  valley  closes  in  tight  at  Allenspur,  just  above 
Livingston,  creating  what  many  have  referred  to  as  the 
perfect  dam  site.  Attempts  at  harnessing  the  river  at 
this  site  have  been  unsuccessful  due  in  large  part  to  the 
public's  desire  to  keep  the  Yellowstone  a  free-flowing 
river.  Just  to  the  north,  the  river  flows  past 
Livingston,  the  northern-most  point  and  end  of  the 
i  nventory . 
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This  68  mile  reach  of  the  upper  Yellowstone  will  be  the 
subject   of  this   report.    The  data   collected  during  the 
inventory  will  prove  to  be  a   valuable  resource  in  several 

respects.  The  general  condition  of  the  river  system  in 
this  reach  can  be  judged  by  an  examination  of  the 
different  parameters  recorded  during  the  inventory. 
Changes  in  the  river  system,  whether  from  man's  influence 
or  from  natural  processes,  have  been  noted  and 
recommendations  for  correction  can  be  made  where  needed. 

An  additional  and  potentially  important  use  of  the  data 
will  be  to  compare  pre-fire  and  post-fire  physical 
conditions  of  the  river  and  its  water  quality.  Solely  by 
coincidence,  the  inventory  was  completed  the  fall  before 
the  devastating  fires  of  1988  in  Yellowstone  Park. 
Because  research  is  currently  being  conducted  to  evaluate 
the  effects  of  the  fires  on  the  river  and  an  analysis  of 
such  data  may  be  premature,  this  report  will  not  include 
a  discussion  of  the  fires  or  their  potential  impacts  to 
the  river  system.  Instead,  the  material  presented  here 
will  concentrate  on  the  information  collected  during  the 
inventory  of  the  Yellowstone  River  as  of  September,  1987 
and  provide  some  considerations  for  river  management  and 
recommendations  on  methods  to  improve  or  protect  the 
river. 
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HISTORY 


It  is  doubt-ful  that  white  men  explored  the  Yellowstone 
prior  to  1800.  The  -First  authenticated  trip  was  in  the 
spring  of  1805  by  a  trapper  -for  the  British  Northwest  Fur 
Company,  Francois  Antoins  Larocque.  Larocque  and  a  band 
o-f  trappers  traveled  the  Yellowstone  to  explore  the 
region  and  purchase  beaver  pelts  -From  the  Crow  Indians. 
Captain  William  Clark  later  led  the  first  extensive 
exploration  of  the  Yellowstone  River  with  ten  men  and 
Sacajawea  as  guide.  Clark's  party,  however,  did  not 
explore  the  upper  river.  Following  a  route  that  would 
later  be  used  by  the  Northern  Pacific  Railroad,  they 
crossed  over  from  the  Gallatin  River  drainage  to  a  point 
near  present  day  Livingston  and  followed  the  river 
downstream  through  Montana  to  the  Missouri  River. 

John  Colter,  one   of  Captain  Clark's  hunters,   left  the 
expedition   on  the   return  trip   and  joined   some  trappers 

bound  for  the  Yellowstone  county.  Colter  set  out  from 
"Manuel's  Fort"  at  the  mouth  of  the  Bighorn  River  in  the 
winter  of  1807-08  to  make  contact  with  Indian  tribes  of 
the  upper  basin.  During  his  journey,  he  was  probably  the 
first  white  man  to  see  the  natural  wonders  of  what  sixty- 
five  years  later  would  become  Yellowstone  National  Park. 
At  the  time,  his  discovery  was  called  "Colter's  Hell". 

Only  trappers  and  explorers  were  frequent  visitors  to 
the  upper  river  during  the  early  to  mid  1800's.  Later, 
during  the  ia60's,  gold  discoveries  in  the  Yellowstone 
basin  and  elsewhere  led  to  a  significant  increase  in 
river  traffic.  Mining  camps  along  the  upper  river 
attracted  many  former  trappers  following  a  serious 
decline  in  the  fur  trade  during  the  previous  two  decades. 
Prospectors   along   the   upper   Yellowstone   invaded   Crow 
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Indian  territory  on   the  weet,   eetablishing  mining   camps 

and  settlements   like   Emigrant   Gulch,  Yellowstone   City, 
Chico,  and  Benson's  Landing. 
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From  1850  on,  white  men  and  the  Indians  competed  -For 
game  along  the  Yellowstone.  Overkilling  by  the  white  men 
created  considerable  hostility  among  the  local 
Yellowstone  tribes.  Indian  efforts  to  block  routes  to 
the  gold  fields  were  only  partially  successful.  During 
this  troubled  period,  several  river  travelers  in  route  to 
the  states  from  the  gold  camps  were  killed  by  Indians, 
slowing  the  pace  of  river  traffic,  but  only  temporarily. 
Clashes  between  the  white  men  in  search  of  gold  and  the 
Indians  continued  during  the  late  1860's  as  the  Army  made 
sporadic  attempts  to  control  the  Indians.  Surveying 
parties  dispatched  by  the  Northern  Pacific  Railroad  from 
1871  to  1B73  to  establish  a  route  through  the  Yellowstone 
country  resulted  in  skirmishes  with  the  Blackfeet,  Crow 
and   the  Sioux,  vastly  increasing  the  tensions  between  the 
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white  men  and  the  Indians  that  lasted  until  nearly  1880. 

Early  explorers  to  the  upper  Yellowstone  region  told 
stories  of  natural  wonders  that  were  unbelievable  to 
those  who  had  not  experienced  them.  Colter,  in  1808,  and 
Jim  Bridger,  nearly  20  years  later,  were  thought  to  be 
wonderful  tellers  of  some  extraordinarily  tall  tales. 
Captain  W.  R.  Raynolds  and  Lieutenant  Maynaider  led 
expeditions  that  completely  encircled  the  region  of  the 
Yellowstone,  but  because  of  the  impossibility  of  passing 
through  deep  snow  in  the  early  summer  of  1860,  never 
reached   their   intended   destination.    Not   until   three 

expeditions  visited  the  area  in  1869,  1870  and  1871  and 
their  records  made  public,  was  the  Yellowstone  region 
fully  discovered.  Shortly  thereafter,  and  only  two 
months  following  the  publication  of  the  record  of  the 
1871  expedition  in  the  Chicago  Journal.  Yellowstone 
National  Park  was  created  by  an  Act  of  Congress  on  March 
1,  1872  as  the  first  national  park  in  the  United  States. 

By  1883  the  Montana  Territory  had  a  major  railroad 
crossing  the  state.  With  the  arrival  of  the  railroad, 
civilization  came  to  the  Yellowstone  Valley.  The  lower 
river  was  paralleled  by  a  main  route  to  the  Pacific  and 
business  in  the  region  swelled.  One  of  the  major  changes 
occurring  during  the  period  was  the  ownership  of  lands  by 
the  railroads.  To  encourage  development,  the  government 
gave  the  railroads  17  million  acres  in  Montana,  40  square 
miles  for  each  mile  of  track.  The  Northern  Pacific 
completed  a  branch  line  from  Livingston  to  Gardiner 
through  the  Paradise  Valley  in  1903.  The  railroad  that 
offered  both  freight  and  passenger  services  until  1970 
contributed  to  major  changes  in  the  valley  and  the 
Yellowstone  River.  Although  the  line  was  abandoned  and 
the  tracks  removed,  impacts  of  the  railroad  are  still 
being  felt  in  many  ways  today. 
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STREAMFLQW 

Stream-Flaw  is  measured  at  several  sites  in  the  68  mile 
reach  o-F  the  Yellowstone.  The  U.  S.  Geological  Survey 
has  permanent  stream  monitoring  sites  at  Corwin  Springs 
and  near  Livingston.  Water  Year  1987  -  October  1986 
through  September  1987  -  was  a  year  o-F  lower  than  usual 
stream  discharge  in  this  and  other  sections  of  the 
Yellowstone  and  in  most  other  streams  in  the  state. 

The  Corwin  Springs  monitoring  site  has  a  drainage  area 
o-f  2,632  square  miles.  The  average  annual  discharge  for 
81  years  of  record  is  3,110  cubic  feet  per  second  or 
2,253,000  acre-feet  per  year.  The  extremes  for  the  site 
include  a  maximum  discharge  of  32,000  cubic  feet  per 
second  in  1918  and  a  minimum  discharge  of  389  cubic  feet 
per  second  in  1937.  The  discharge  for  water  year  1987 
was  well  within  those  extremes.  The  maximum  discharge 
for  the  year  was  6,790  cubic  feet  per  second  on  May  30th 
and  the  minimum  729  cubic  feet  per  second  on  March  29th. 

The  site  near  Livingston  has  a  drainage  area  of  3,551 
square  miles.  The  monitoring  site  is  located  four  miles 
south  of  Livingston  downstream  from  Suce  Creek.  The 
average  discharge  at  this  site  for  62  years  of  record  is 
3,748  cubic  feet  per  second  or  2,715,000  are-feet  per 
year.  The  extremes  for  the  period  of  record  show  a 
maximum  discharge  of  36,300  cubic  feet  per  second  in  1974 
and  a  minimum  of  590  cubic  feet  per  second  in  1940.  For 
water  year  1987  the  maximum  discharge  of  6920  cubic  feet 
per  second  occurred  on  May  30th  and  the  minimum  of  1090 
on  March  30th. 

The   physical   features    inventory   was   conducted   on 
September   9  and  10,  1987,  very  near  the  end  of  water  year 
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1987.  The  -Flow  data  on  those  days  reveals  that  the 
discharge  was  below  the  mean  -For  the  year  and  less  than 
half  the  average  discharge  at  both  sites.  The  low  flows 
at  the  time  may  be  reflected  in  the  inventory  data  in 
that  streambank  areas  normally  covered  by  higher  water 
were  exposed.  Higher  incidences  of  eroding  banks  or 
other  criteria  such  as  river  gravels  could  have  been 
recorded  because  of  the  lower  than  normal  flows. 


Table  1.  on  the  following   page  illustrates  the  monthly 
discharge  data  for   water  year  1987   at  the  Corwin  Springs 
and  Table  2.  the  Livingston  site.    Both  show  a  comparison 
of  the   water  year   1987  data   to   that   of  calendar   year 
1986. 
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TABLE  1 . 
Discharge  in  Cubic  Feet  Per  Second 
Water  Year  1987 
Mean  Values 


Corwin  Springs  Site 


Total 


Mean 


/«"*-\ 


Oct 

53,850 

1,737 

Nov 

40,470 

1,349 

Dec 

31,822 

1,027 

Jan 

29,873 

964 

Feb 

27,400 

979 

Mar 

27,708 

894 

Apr 

61,682 

2,056 

May 

169,420 

5,465 

Jun 

139,970 

4,666 

Jul 

90,000 

2,903 

Aug 

56,200 

1,813 

Sep 

35,636 

1,  188 

Max 
2,050 
1,500 
1,  150 

1,050 
1,050 

984 

5,510 

6,790 
6,460 

3,720 

2,230 

1,420 


Min 
1,510 
1,  190 
940 
800 
880 
729 
836 

3,850 
3,260 
2,420 
1,450 
966 


Ac-Ft 

106,800 
80,270 
63, 120 
59,250 
54,350 
54,960 

122,300 

336,000 
277,600 
178,500 
111,500 
70,680 


Calendar 

YR  86    1,358,7603,723     20,400 

Water 

YR  87      764,0312,093      6,790 


799    2,695,000 


729    1,515,000 
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TABLE  2. 
Discharge  in  Cubic  Feet  Per  Second 
Water  Year  1987 
Mean  Values 


Livingston  Site 

Total 

Mean 

Max 

Min 

Ac-Ft 

Oct 

70, 110 

2,262 

2,560 

2,030 

139, 100 

Nov 

56,780 

1,893 

2,050 

1,720 

112,600 

Dec 

48,360 

1,560 

1,730 

1,430 

95,920 

Jan 

44,580 

1,438 

1  ,  700 

1,250 

88,420 

Feb 

35,680 

1,274 

1,330 

1,  180 

70,770 

Mar 

38,370 

1,238 

1,340 

1,090 

76,110 

Apr 

68,490 

2,283 

5,610 

1,  170 

135,800 

May 

170,610 

5,504 

6,920 

4,080 

338,400 

Jun 

149,980 

4,999 

6 ,  S20 

3 ,  600 

297 , 500 

Jul 

101 ,600 

3,260 

3,940 

2,750 

200,500 

Aug 

67,350 

2,  173 

2,640 

1,890 

133,600 

Sep 

48,790 

1  ,626 

1,860 

1,430 

96,770 

Calendar 

YR  86  1,553,900   4,257 


23,000 


1,180    3,082,000 


Water 

YR  87   900, 160 


2,466 


6,920 


1,090    1,785,000 
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HYDROLOGY  AND  GEQNORPHQLQGY 


The  complex  o-f  mountains,  valleys,  and  streams  in  the 
upper  Yellowstone  River  basin  is  very  important  to  the 
areas  climate  and,  therefore,  the  hydrologic  character  of 
the  basin.  The  climate  is  continental  in  nature. 
Average  annual  precipitation  ranges  from  around  14  inches 
to  up  to  80  inches  in  the  higher  mountainous  areas.  The 
majority  of  the  precipitation  in  the  valley  area  is  in 
the  form  of  rain  and  occurs  during  the  growing  season, 
April  to  September.  In  the  mountainous  areas  which 
contribute  the  majority  of  the  flow  to  the  Yellowstone, 
most  precipitation  occurs  as  snow  during  the  late  winter 
and  early  spring  months.  The  rate  of  snow  melt,  rain-on- 
snow  storm  events,  and  major  rain  storms  in  the  spring 
and  early  summer  can  have  significant  impact  on  the 
streamflow  on  the  Yellowstone  during  these  periods.  In 
addition,  large  annual  deviations  from  these 
precipitation  averages  are  common  throughout  the  basin 
causing  associated  fluctuations  in  the  streamflow  of  the 
r  i ver . 

The  character  of  a  river  and  its  valley  change  along 
the  gradient  from  its  headwaters  to  the  mouth.  A  river 
system  generally  can  be  visualized  in  three  sections. 
The  upper  section  near  the  source,  because  of  its  steep 
slope,  is  essentially  erosional  with  negligible 
floodplain  development.  In  the  middle  section  a  narrow, 
but  distinct  floodplain  is  deposited  from  materials 
carried  from  upstream.  In  the  lower  section,  where  the 
gradient  is  least,  floodplain  width  reaches  maximum 
development.  Along  this  downstream  gradient,  the  ratio 
of  erosion  to  deposition  decreases,  as  a  combined  result 
of  decreasing  slope  and  increasing  suspended  load. 
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Not  ail  valley  bottoms  are  -Formed  bv  the  stream. 
Landslides  and  other  natural  occurrences  mav  also  -Form 
portions  o-f  -Fl  oodp  1  a  i  ns .  The  most  important  process 
resulting  in  the  formation  o-f  valley  bottoms  is  a 
combination  o-f  deposition  on  the  inside  of  river  bends 
and  deposits  on  floodplains. 


River  channels  are  principally  of  two  types:  bedrock 
controlled  channels  and  alluvial  channels.  The  former 
are  confined  between  outcrops  of  rock,  and  the  material 
forming  both  the  bed  and  the  banks  determines  channel 
morphology.  Alluvial  channels,  however,  derive  their 
dimensions,  shape,  pattern  and  gradient  in  response  to 
the  hydraulic  characteristics  of  the  river.  With  the 
exception  of  the  upper-most  reach  of  the  Yellowstone,  it 
is  an  alluvial  river,  flowing  on  and  in  sedimentary 
deposi  ts . 
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Channel  stability,  or  the  lack  of  it,  can  be  evaluated 
in  terms  of  the  total  sediment  load  delivered  to  the 
channel.  Deposition  occurs  when  the  size  of  the  sediment 
particles  exceeds  the  power  of  the  river  to  transport 
them.  Erosion  occurs  when  stream  power  rises  and  removes 
material  from  channel  banks  or  the  streambed.  Between 
these  states  is  the  stable  channel.  In  a  stable  channel 
there  is  no  progressive  change  in  gradient,  shape,  or 
dimension  as  the  channel  is  in  steady  state. 

Although  there  are  numerous  channel  classification 
methodologies  in  use,  channels  a.re  often  classified  based 
on  the  type  of  sediment  load  transported.  Stable, 
depositing,  and  eroding  rivers  may  be  classified  by 
whether  the  predominate  load  is  in  suspension,  is  bed 
load,  or  is  a  mixture  of  the  two.  Generally,  bed  load  is 
the  gravel  and  sand-sized  fraction,  while  suspended  load 
consists  of  clay  and  silt-sized  particles.  Bed  load  is 
composed  of  materials  too  large  to  be  carried  upward  in 
turbulent  eddies,  but  in  times  of  high  discharge  it  can 
be  moved  along  the  streambed.  Suspended  load  is 
maintained  by  turbulence.  These  finer  particles 
constitute  up  to  90  per  cent  of  the  mechanical  load  of 
the  river.  Dissolved  load  may  be  relatively  high  in 
areas  where  mineral  solution  is  an  important  weathering 
process. 

Channel   patterns  have   also   been   classified  in   many 
ways.    Depending  on  the   classification  system   used,  the 
terminology   may  differ.     Typically,   around  five   basic 
patterns    are       identified    and   classified    roughly   as 
f ol lows : 


c 


1.  straight   channel,  straight  thalweg   (deepest  part   of 

channel).   Channel  is  relatively  stable. 

2,  straight   channel,   sinuous   thalweg.       Channel   is 
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normally  stable  but  thalweg  shift  and  bar 
migration  occur. 

3.  meandering,  i)   Uniform   channel  width,   small  point- 

bars.  Chute  is  stable  but  neck  cutoffs  occur, 
ii)  Channel  wider  at  bends,  larger  point  bars. 
Chute  and  neck  cutoffs  and  meander  shifts  produce 
a  relatively  unstable  channel. 

4.  meander-braided  transition.    Large   point   bars  with 

frequent  chute  cutoffs.  Unstable  channel  with 
sinuous  thalweg. 

5.  braided   channel.    Unstable   channel  width,   multiple 

thalweg,  and  numerous  bars  and  islands. 

The  Yellowstone  River's  various   channel  patterns  are  a 
function  of  the  river's  relationship   to  the  valley  walls, 
of  the  river's  attempt  to  establish  and  maintain  the   most 
efficient  condition  for   transporting  water   and  sediment, 
and  to  a  lesser  degree,  human  activity. 

In  reaches  where  the  valley  narrowly  confines  the 
river,  it  tends  to  be  straight  to  sinuous.  Where  the 
river  is  free  to  develop  and  change  its  form,  it  does  so 
in  response  to  its  discharge  and  sediment  load.  A  change 
in  one  or  both  of  these  factors  causes  a  change  in  the 
river  channel.  Rivers  typically  react  to  changes  in 
discharge  and/or  sediment  load  through  slope  adjustment, 
either  by  a  major  change  in  channel  pattern  or  by 
vertical  filling  and  trenching;  through  temporary 
responses  in  downcutting  or  aggrading  character,  before 
reaching  a  new  permanent  condition;  through  alteration  of 
channel  morphology  over  great  lengths;  and  through 
changes  in  fluvial  mechanics  of  river  transport. 

The  discharge  of   water  and   sediment  in  rivers   varies 
greatly   in   time   and   space.      Discharge   is   normally 
confined  within  the   banks  of   channels,  but   periodically 
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-Flaading   occurs  and   water  and   sediment  spill   onto,  and 
move   across,  the   adjoining  alluvial   -Floodplain  sur-FacBs 

which  a.re.       created  by  the   fluvial  system   specifically  to 
accommodate  the  larger,  less  frequent  flows. 
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The  Yellowstone's  floodplain  results  from  the  storage 
of  sediment  within  and  adjacent  to  the  river  channel. 
Two  principal  processes  Si.y-&  involved.  The  first  is 
accumulation  of  sediment,  often  coarser  sediment,  within 
the  shifting  river  channel.  Sediment  is  commonly 
deposited  on  the  inside  of  meander  bends  to  produce 
point-bars.  As  the  river  migrates  in  the  direction  of 
the  outside  bend,  the  point-bar  grows  and  the  floodplain 
deposit  is  augmented.  Much  of  the  sediment  is  only 
temporarily  stored  in  a  point-bar,  and  it  may  be  moved 
further  downstream  from  time  to  time.  This  type  of 
wi thi n-channel  accumulation,  which  can  occur  at  any  point 
along  the  valley,  is  mainly  associated  with  below-bank- 
full  discharge.  The  second  process  involves  the  settling 
of  suspended  particles  as  they  a.yG  carried  by  overbank 
discharges  across  the  valley  floor  therein  providing  a 
further  increment  of  floodplain  sediment. 


The  accretion  of  material  on  the  point  bar  gradually 
pushes  the  convex  bank  toward  the  channel.  This  process 
is  balanced  by  the  tendency  of  the  concave  bank  to  erode. 
Thus  a  river  channel  gradually  migrates  laterally  across 
the  valley  floor.  During  such  lateral  movement  the 
channel  width  remains  the  same.  Because  in  most  channels 
the  bends  are  irregularly  distributed  along  the  length  of 
the  stream,  and  the  meanders  consist  of  curves  both  to 
the  left  and  right,  the  progressive  movement  of  the 
channel  will  also  be  to  the  left  in  one  place  and  right 
in  another.  Thus,  given  sufficient  time,  the  channel 
eventually  will  occupy  every  position  within  the  valley. 
Each   sideward   motion   leaves   a   flat   or   nearly   level 
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deposit  caused  by  deposition  an  the  inside  of  the  meander 
curve.  The  floodpiain,  therefore,  is  actually  the  result 
o-F  the  shifting  channel. 
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River  terraces  may  also  be  found  in  river  valleys.  They 
are  farmed  from  floodplains  by  some  tectonic,  climatic, 
or  man-induced  change  which  alters  the  regime  of  the 
river,  causing  it  to  entrench  below  its  established  bed 
and  associated  floodpiain.  Man-induced  changes  include 
alteration  or  removal  of  vegetation,  water  withdrawal, 
and  alteration  of  the  stream  channel  or  floodpiain. 
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The  flooding  regime  of  rivers  may  vary  in  depth, 
frequency,  duration  and  time  of  the  year.  The  depth, 
duration  and  time  of  year  is  influenced  by  climate, 
topography,  channel  slope,  soils  and  geology.  If  these 
factors  remain  constant,  the  depth  of  flooding  depends 
mainly  on  the  size  of  the  drainage  basin  and  the  storage 
capacity  of  the  floodpiain  surface. 
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The  frequency  with  which  bank— Full  discharge  and 
flooding  occur  is  quite  similar  for  different  rivers, 
even  though  they  may  be  found  in  contrasting 
environments.  The  recurrence  interval  for  bank-full  flow 
IS  in  the  general  range  of  0.5  -  2.0  years,  with  1.5 
years  a  common  average.  The  similarity  of  the  recurrence 
interval  in  different  environments  and  the  fact  that 
channels  normally  do  not  get  progressively  deeper  as 
floodplain  deposition  continues,  strongly  implies  that 
channels  are  adjusted  to  accommodate  discharge  generated 
within  the  watersheds  for  much  of  the  time.  These  facts 
also  suggest  that  the  floodplain  is  adapted  to  the 
transmission  of  larger  flows  for  the  remainder  of  the 
time,  and  that  the  two  features  are  functionally  related 
to  one  another. 

In  the  Yellowstone  River,  flooding  has  been  identified 
as  one  of  the  most  important  hydrologic  parameters  in  the 
system.  High  flows  are  responsible  for  bed  movement,  new 
channel  cutting,  erosion,  cutoffs,  and  bar  and  island 
formation.  Flooding  can  occur  from  either  annual  spring 
snow  melt,  or  less  commonly,  ice  dams  and  breaks. 
Spring  runoff,  due  to  its  magnitude  and  frequency,  has 
the  largest  impact  on  channel  form. 

Surface  waters  are  not  the  only  waters  that  affect  the 
river  system  and  associated  riparian  zone.  Groundwater 
in  an  alluvial  aquifer  such  as  that  along  the  Yellowstone 
River  is  intimately  connected  with  the  surface  water  in 
streams  and  floodplain  depressions.  The  normal  direction 
and  gradient  of  groundwater  movement  is  toward  surface 
water  features.  During  high  water  stages  this  gradient 
is  reversed  and  water  moves  from  the  stream  to  the 
aquifer.  This  may  occur  laterally  when  the  level  of  the 
stream   rises  above  that   of  the  groundwater  or  vertically 
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when  flood  waters  spread  out  over  the  floodplain.  Such 
exchange  mechanisms  between  the  river  and  its  aqui-Fer 
helps  to  moderate  flows  over  the  long  term.  Flood  peaks 
may  be  reduced  downstream  as  the  floodplain  soaks  up 
water.  During  dry  seasons  the  aquifer  discharges  its 
stored  water  to  maintain  flow  in  the  river. 


Over  time,  man  has  only  modestly  impacted  the  channel 
morphology  of  the  upper  Yellowstone.  This  upper  reach  of 
the  river  is  essentially  the  same  today  as  it  was  when 
Larocque  first  explored  the  river  in  1805.  Channel 
characteristics  have  not  changed  significantly  in  nearly 
185  years  with  the  exception  of  some  areas  where  man  has 
manipulated  the  river  by  activities  such  as  the  placement 
of  riprap  or  other  bank  protection  measures,  the  closing 
of  side  channels  or  the  clearing  of  bank  vegetation. 
These  practices  are  most  common,  for  example,  where 
highways,  bridges,  railways,  and  other  structures  arB  in 
close  proximity  to  the  river.  While  some  practices 
protect  unstable  river  banks,  some  like  the  clearing  of 
bank  vegetation,  speed  streambank  erosion.  Land 
management  practices  can  also  impact  the  channel. 
Generally,  land  uses  common  to  the  upper  basin  such  as 
farming,   grazing  and   timber  harvest   that  could  increase 

water   volume  and  sediment  load  to  the   river  have  not  had 
a  major  impact  to  the  system. 
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HYDRQGEOLQGY 

Groundwatsr  is  widely  used  in  the  basin,  primarily  -For 
domestic  and  stock  use  and  to  a  lesser  extent  for 
irrigation  and  public  water  supply.  Groundwater  is 
widely  available,  and  constitutes  a  valuable  resource. 
The  availability,  distribution,  and  quality  o-f 
groundwater  is  directly  related  to  the  geological  history 
o-f  the  area.  The  basin  contains  a  wide  variety  of  rocks 
of  different  geological  ages,  which  reflect  the  complex 
geological  history  of  the  basin.  This  history  involves 
long  periods  of  sedimentation,  structural  deformation, 
emplacement  of  large  igneous  masses,  erosion  and 
glaciation  punctuated  by  periods  of  uplift  and  volcanism. 
Faulting,  folding,  and  uplift  were  dominant  forces  in 
forming  the  mountain  ranges.  The  geological  units  of 
significance  to  the  water  resources  of  the  area  ars: 

1.  Igneous  and  metamorphic   rocks  of   Pre-Cambrian  age 

(over  600  million  years  old). 

2.  Sedimentary  bedrock  formations  of  Paleozoic  age 

(230  to  600  million  years  old). 

3.  Mesozoic  (65  to  230  million  years  old). 

4.  Igneous  and  sedimentary  rocks  of  Tertiary  (one  to  70 

million  years  old). 

5.  Alluvium   and   sedimentary   rocks   of  Tertiary   and 

Quaternary  Age  (less  than  one  million  years  old). 

Sedimentary  rocks  of  Paleozoic  and  Mesozoic  age 
are  exposed  along  the  Yellowstone  upstream  from 
Livingston.  There  is  a  large  variety  of  rock  types 
present  in  the  Paloezoic  and  Mesozoic  deposits,  including 
shale,  quartzite,  conglomerate,  limestone,  sandstone, 
siltstone,  and  dolomite.  Generally  these  rocks  are 
present  in  mountainous  terrain  and  have  not  been 
developed  to  determine  their  water  yielding  potential. 
Note,   however,   that    many   sedimentary    formations   in 
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Montana   are   the   source   of    numerous   springs   in   the 

mountains  and  are  potentially  good  water  bearing 
formations.  It  is  generally  expected  that  many  water 
bearing  formations  of  Paleozoic  and  Mesozoic  age  would 
yield  small  to  large  quantities  of  fair  to  excellent 
quality  groundwater. 
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The  Livingston  formation  underlies  a  portion  of  the 
basin.  It  is  both  Cretaceous  and  Tertiary  in  age  and 
consists  of  assorted  volcanic  material  including  grit, 
sandstone,  shale,  and  agglomerate.  Generally,  the  water- 
yielding  characteristics  of  this  formation  are  poorly 
known. 
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Large  exposures  of  volcanic  rocks,  including  andacite, 
dacite,  and  basalt  are  present  in  the  mountainous  areas 
south  of  Livingston.  These  rocks  generally  have  low 
porosities  and  permeabilities  and  normally  will  yield 
little  or  no  water.  Fractures  and  fault  zones 
encountered  can  yield  good  quality  water  in  sufficient 
amounts  for  stock  and  domestic  purposes.  Groundwater  in 
areas   underlain   by  these   volcanic   rocks   has  undergone 
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little  development  due  to  their  poor  water  yielding 
ability  and  the  mountainous  terrain  associated  with  their 
exposures. 

The  most  dependable,  productive  and  widely  used  aquifer 
in  the  basin  is  alluvial  floodplain  material  of  Recent 
and  Pleistocene  age  present  along  the  Yellowstone  and  its 
tributaries.  Wells  will  normally  yield  moderate  to  large 
amounts  of  water  that  is  generally  good  to  excellent 
quality.  These  unconsolidated  deposits  consist  of 
mixtures  of  boulders,  sand,  gravel,  silt  and  clay  and  are 
commonly  25  to  100  feet  thick. 

Pollution  of  groundwater  has  occurred  in  a  number  of 
areas  in  the  Upper  Yellowstone  River  basin.  Petroleum 
products  have  polluted  groundwater  over  significant  areas 
in  the  vicinity  of  Livingston,  most  notably  at  the 
Burlington  Northern  Railroad  locomotive  fueling  site. 
Toxic  constituents  such  as  tr ichloroethene,  chlorobenzene 
and  1,2  di chloroethene  have  been  detected  at  the 
Livingston  BNR  site.  Another  incident  in  1987  released 
an  estimated  5,200  gallons  of  premium  unleaded  gasoline 
from  a  connecting  pipe  of  an  underground  storage  tank  at 
a  Livingston  gas  station.  The  site  is  located  in  the 
central  business  district  where  petroleum  odors  were 
first  noticed.  The  quality  of  a  public  water  supply  well 
less  than  1,500  feet  away  is  threatened.  Monitoring 
wells  have  been  installed  to  track  the  spread  of 
contaminated  groundwater. 

Septic  tanks  and  subsurface  disposal  systems  can  create 
localized  areas  of  pollution.  Such  problems  have  also 
been  identified  in  the  Livingston  area.  The  groundwater 
upstream  from  Livingston  is  generally  thought  to  be  of 
good  quality.  Groundwater  in  the  upper  Yellowstone  River 
basin   is   susceptible   to   contamination   from   the   same 
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sources  as  elsewhere   in  the  state.   The  -Following   table, 

Table  3,  illustrates   sources  of  groundwater  contamination 
in  Montana  and  the  relative  priority  o-F  major  sources. 


c 


TABLE  3 
Sources  o-F  Groundwater  Contamination 


SOURCE 


Septic  Tanks 

Municipal  landfills 

On-site  industrial  landfills 

Other  landfills 

Surface  impoundments 

Oil  and  brine  pits 

Underground  storage  tanks 

Injection  wells 

Abandoned  hazardous  waste  sites 

Regulated  hazardous  waste  sites 

Land  application/treatment 

Agricultural  activities 

Road  salting 

Mineral  processing 

Spills  or  unanticipated  discharges 


RELATIVE 
PRIORITY 
5 


1 
4 


3 

2 
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SOILS 


The  soils  of  the  valley  are  as  varied  as  the 
physiographic  features,  and  the  interesting  and 
complicated  geologic  history  has  greatly  influenced  the 
soils  of  the  area.  As  a  result  of  isolated  mountain 
glaciation,  some  areas  are  covered  by  glacial  outwash 
deposits.  Extensive  drainage  throughout  the  area  over 
periods  of  time  has  resulted  in  erosion  of  the 
mountainous  terrain  and  the  subsequent  filling  of  the 
river  valley  and  drainage  basins  with  alluvium  material. 
The  soils  are  made  up  of  alterations  of  alluvium  and 
other  geologic  parent  material  of  the  mountains  due  to 
conditions  of  climate,  topography  and  living  organisms 
over  time. 
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The  higher  mountain  areas  are  generally  a  rockland  with 
little  soil  development.  A  fair  portion  of  the 
mountainous  area  consists  of  rock  outcrops,  rock  slides, 
and  rock-walled  canyons.  Where  a  soil  mantle  of  varied 
depth  has  developed  over  rock,  timber  is  the  dominating 
vegetation. 
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On  the  more  gentle  slopes,  alluvial  fans  and  stream 
terraces  have  developed  soils  with  a  cobbly  loam  surface 
and  a  clayey  subsoil.  On  sloping  benches,  soils 
generally  have  a  granular  surface  which  overlies  a 
prismatic  clay  subsoil  which  is  very  hard  when  dry.  A 
lime  layer  may  not  be  present,  but  may  contain  up  to  30 
percent  lime,  if  present.  Loams  and  sandy  loams  have 
developed  over  sandstone  which  can  be  encountered  at 
depths  of  20  feet.  Management  practices  should  be 
directed  toward  prevention  of  wind  erosion  because  these 
soils  tend  to  be  so  dry. 
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On  fine  textured  sedimentary  rocks  and  on  convex  slopes 
at  crests  of  hills  and  ridges,  soils  with  clay  loam 
surface  and  platy  clay  loam  subsoil  have  developed.  On 
convex  slopes  on  ridge  crests  and  valley  sides  underlain 
by  soft  siltstone  and  sandstone,  soils  with  silt  loam 
subsoil  have  developed.  These  soils  present  a  severe 
erosion  hazard. 

On  nearly  level  to  gently  sloping  alluvial  fans  and 
terraces  consisting  of  loose  sands  and  gravels,  soils 
have  developed  with  a  granular  loam  surface  and  a 
prismatic  clay  loam  subsoil.  On  medium  textured 
alluvium,  soils  are  found  with  silt  loam  surfaces  that 
rest  on  stratified  silt  loam,  clay  loam  and  sandy  loam 
subsoils.  These  soils  are  particularly  susceptible  to 
water  erosion. 

The  basin  through  which  the  Yellowstone  River  flows  in 
the  vicinity  of  Pray  and  Emigrant  is  eight  miles  or  more 
wide.  The  upper  part  of  the  basin  south  of  Pray  has  been 
glaciated.  Much  of  the  land  south  of  Emigrant  and  on  the 
nearby  mountain  slopes  has  a  low  hummocky  relief  and  the 
soils  are  very  gravelly  and  stony.  Since  the  time  of 
glaciation,  the  Yellowstone  has  widened  its  valley  and 
the  side  streams  have  built  up  coalescing  fan  terraces 
which  extend  down  to  the  poorly  drained  floodplains  of 
the  river  in  many  places.  The  soil  types  predominating 
in  the  high  bottomland  along  the  river  and  on  the  lower 
part  of  the  fan  terraces  are  loams  and  silt  loams  with 
varying  contents  of  gravel  and  cobbles,  and  on  the  higher 
part  of  the  fan  terraces  chiefly  stony  loams.  Most  of 
this  part  of  the  basin  has  an  elevation  of  over  5,000 
feet  above  sea  level. 

North   of  Emigrant  the  Yellowstone  meanders  in  a  poorly 
drained,    stony    floodplain    along    which    lie    high 
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bottomlands.  Smooth,  gently  sloping  fan  terraces  extend 
down  -From  the  mouth  of  the  stream  canyons  to  the  river 
valley  in  most  places  and  along  the  valley  o-Ften  have  the 
relief  of  benches.  The  soils  of  the  high  bottomlands  and 
an  the  fan  terraces  do  not  vary  greatly  from  those  in  the 
upper  part  of  the  basin.  Nearly  all  the  soils  contain 
varying  quantities  of  gravel  and  cobble. 
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WATER  QUALITY 


Water  quality  in  the  upper  Yellowstone  River  is 
generally  good.  Impacts  from  thermal  activity  and 
erosion  in  Yellowstone  National  Park  are  evident  as  are 
more  moderate  impacts  from  human  activity  farther 
downstream.  Two  recent  studies  of  suspended  sediment, 
turbidity  and  erosion  on  federal  lands  in  the  drainage 
from  the  Yellowstone  Lake  outlet  to  Livingston  revealed 
that  there  were  several  drainages  in  Yellowstone  Park 
that  were  highly  erosive  and  therefore  were  contributing 
large  amounts  of  sediment  to  the  river.  The  top  four 
drainages  in  sediment  production  are  also  the  top  four  in 
total  erosive  acreage;  specifically  the  Lamar-Tower 
drainage,  the  Yellowstone  River  drainage  from  Lake  to 
Tower,  the  Soda  Butte  Creek  drainage,  and  the  Gardner 
River  drainage.  These  drainages  rank  above  all  other 
drainages  studied  by  a  factor  of  eight  or  more  in  both 
extent  and  sediment  discharge.  Sediment  production  in 
the  Yellowstone  Park  portion  of  the  study  area  was 
substantially  higher  than  in  the  Gallatin  National  Forest 
portion.  The  major  sediment  producing  drainages 
identified  are  also  the  major  sources  for  sediment  and 
turbidity  measured  at  Livingston. 

The  Montana  Department  of  Health  and  Environmental 
Sciences,  Water  Quality  Bureau  has  adopted  a  B-1  Water 
Use  Classification  for  the  upper  section  of  the 
Yellowstone.  Waters  classified  as  B-1  are  suitable  for 
drinking,  culinary  and  food  processing  purposes  after 
conventional  treatment;  bathing,  swimming  and  recreation; 
growth  and  propagation  of  salmonid  fishes  and  associated 
aquatic  life,  waterfowl  and  furbearers;  and  agricultural 
and  industrial  water  supply. 


26 


Q 


!>. 


fSi.K  '■h 


m^: 


M 


The   Water   Quality  Act   prohibits   the  violation   o-f   the 
specific  standards  -for  B-1  classified  waters: 

a)  During  periods  when  the  daily  maximum  water 
temperature  is  greater  then  60  F,  the  geometric  mean 
number  of  organisms  in  the  fecal  coliform  group  must  not 
exceed  200  per  100  millimeters,  nor  Are  10  percent  of  the 
total  samples  during  any  30-day  period  to  exceed  400 
fecal  colifarms  per  100  milliliters. 

b)  Dissolved  oxygen   concentration  must  not   be  reduced 
below  7.0  milligrams  per  liter. 

c)  Induced  variation  of  hydrogen  ion  concentration  (pH) 
within  the  range  of  6.5   to  8.5  must  be   less  than  0.5   pH 
unit.    Natural  pH  outside  this   range  must  be   maintained 
without  change.    Natural  pH  above   7.0  must  be  maintained 
above  7.0. 
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d)  The   maximum   allowable   increase   above   naturally 
occurring  turbidity   is   5   nephelometric  turbidity   units 
except  as  permitted  in  ARM  16.20.633. 

e)  A  1  degree  F  maximum  increase  above  naturally 
occurring  water  temperature  is  allowed  within  the  range 
of  32  to  66  degrees  F;  within  the  naturally  occurring 
range  o-F  66  to  66.5  degrees  F,  no  discharge  is  allowed 
which  will  cause  the  water  temperature  to  exceed  67 
degrees  F;  and  where  the  naturally  occurring  water 
temperature  is  66.5  degrees  F  or  greater,  the  maximum 
allowable  increase  in  water  temperature  is  0.5  degree  F. 
A  2  degree  F-per-hour  maximum  decrease  below  naturally 
occurring  water  temperature  is  allowed  when  the  water 
temperature  is  above  55  degrees  F,  and  a  2  degree  F 
maximum  decrease  below  naturally  occurring  water 
temperature  is  allowed  within  the  range  o-F  55  to  32 
degrees  F. 

f)  No  increases  are  allowed  above  naturally  occurring 
concentrations  of  sediment,  settleable  solids,  oils,  or 
floating  solids,  which  will  or  are  likely  to  create  a 
nuisance  or  render  the  waters  harmful,  detrimental,  or 
injurious  to  public  health,  recreation,  safety,  welfare, 
livestock,  wild  animals,  birds,  fish,  or  other  wildlife. 

g)  True   color  must   not  be   increased   more  than   five 
units  above  naturally  occurring  color. 

h)  (i)  Concentrations  of  toxic  or  deleterious 
substances  which  would  remain  in  the  water  after 
conventional  treatment  may  not  exceed  the  maximum 
contaminant  levels  set  forth  in  the  U.  S.  EPA  National 
Primary  Drinking  Water  Regulations  (40  CFR  Part  141, 
7/1/86  ed. )  or  the  U.  S.  EPA  National  Secondary  Drinking 
Water  Regulations  (40  CFR  Part  143,  7/1/86  ed. ) . 
Concentrations  of  toxic  or  deleterious  substances  also 
may  not  exceed  Gold  Book  levels. 

(ii)  Dischargers  issued  permits   under  ARM  Title  16, 
chapter   20,  subchapter   9,  shall   conform  with   ARM  Title 
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16,  chapter  20,  subchapter  7,  the  nondegradat ion  rules 
and  may  not  cause  receiving  water  concentrations  to 
exceed  Gold  Book  levels  when  stream  flows  equal  or  exceed 
the  design  flows  specified  in  ARM  16.20.631(4). 

(iii)  When  Gold  Book  levels  are  used  as  the  basis 
for  discharge  permit  limits  for  waters  with  a  hardness  of 
less  than  20  mg/1  (as  CaC02),  the  limits  for  metals  are 
based  on  a  hardness  of  20  mg/1.  If  site-specific 
criteria  are  developed  as  the  basis  for  discharge  permit 
limits,  using  the  procedures  given  in  the  Water  Quality 
Standards  Handbook  (U.  S.  EPA,  Dec.  1983),  the  limits  so 
developed  are    used  instead  of  Gold  Book  levels. 

(iv)  In  accordance  with  section  75-5-306(1),  MCA, 
it  is  not  necessary  that  wastes  be  treated  to  a  purer 
condition  than  the  natural  condition  of  the  receiving 
water  as  long  as  the  minimum  treatment  requirements, 
adopted  pursuant  to  section  75-5-305,  MCA,  are    met. 

The  U.  S.  Geological  Survey  monitoring  stations  at 
Corwin  Springs  and  near  Livingston  monitor  numerous  water 
quality  parameters.  Tables  4  and  5  illustrate 
measurements  of  several  parameters  during  water  year 
1987.  The  site  at  Livingston  also  produces  data  on  many 
other  parameters  including  pH,  turbidity,  hardness, 
alkalinity  and  dissolved  solids.  In  addition,  data  is 
collected  for  chemicals  and  metals  such  as  calcium, 
magnesium,  sodium,  potassium,  sulfate,  chloride, 
fluoride,  silica,  dissolved  solids,  nitrogen,  ammonia, 
nitrite,  phosphorus,  aluminum,  arsenic,  barium, 
beryllium,  cadmium  chromium,  cobalt,  copper,  iron,  lead, 
lithium,  manganese,  mercury,  molybdenum,  nickel, 
selenium,  silver,  stromium,  vanadium  and  zinc. 
Comparison  of  these  parameters  at  different  times  of  the 
year  and  between  years  may  identify  certain  problems 
occurring  within  the  river  system. 
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Often,  the  examination  a-F  certain  parameters  may 
highlight  a  water  quality  problem  being  produced  from 
specific  sources  in  the  drainage.  For  example,  the  Water 
Quality  Bureau  has  identified  several  tributaries  to  the 
upper  Yellowstone  that  are  contributing  significant 
amounts  of  heavy  metals  to  the  river  from  abandoned  mines 
in  those  drainages.  Soda  Butte,  Daisy  and  Fisher  Creeks 
are  three  that  have  been  impacted  and  have  been 
tentatively  selected  for  reclamation  work  in  the  future. 

lAiater  quality  has  also  been  impacted  by  other  land  uses 
in  the  drainage.  Agriculture  and  forest  practices  have 
contributed  sediments  to  tributaries  and  the  river  along 
with  other  pollutants  such  as  nutrients.  Irrigation 
return  flows  from  cropland  and  hayland  in  the  valley  have 
contributed  to  the  sediment  loads  measured  at  Livingston 
as  have  logging  activities.  The  confinement  of  the  river 
from  highway  development  has  unnaturally  restricted  the 
river  in  several  places  along  its  course  through  the 
canyon  and  Paradise  Valley.  The  total  length  of  the 
river  has  been  somewhat  reduced  due  to  highway 
development  and  other  impacts.  In  its  attempt  to  gain 
back  this  length,  the  river  is  continually  trying  to  cut 
banks  and  restore  lost  meander  patterns.  This  ongoing 
process  contributes  to  the  sediment  loads  flawing 
downstream.  These  sources,  however,  arB  not  considered 
to  be  significant  or  detrimental  to  the  river  system. 

Sediment  is   the  major  pollutant   in  this  reach   of  the 
river.   Note,   however,  that  the  majority  of  the   sediment 
load   measured   at   Livingston   originates   in  Yellowstone 
Park   as  a   result   of  the   highly   erosive   soils  in   the 
northern  section  of  the  Park. 
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TABLE   4 

WATER  QUALITY  DATA 
CORWIN  SPRINGS 
WATER  YEAR  1987 


SUSPENDED  SUS.  SED. 

DATE   STREAM-   SPECIFIC   WATER   SUSPENDED   SEDIMENT  SIEVE  DIA. 

FLOW     CONDUCT.   TEMP.   SEDIMENT    DISCHARGE  "/.  FINER 

(cfs)     (us/cm)     (c. )    (mg/1)        (t/day)  .062  MM 


9.0 
0.0 
0.5 
0.0 

6.0       14  37         84 

8.5       88  981         76 

8.5       36  580         5,6 

19.0        8  70         56 

19.5        5  25         78 

15.0 

14.0        3  8         62 


Oct. 

22 

1550 

214 

Dec 

04 

1040 

259 

Jan 

14 

952 

272 

Feb 

26 

874 

290 

Apr 

10 

988 

267 

27 

4130 

— 

May 

20 

5970 

Ill 

Jun 

30 

3260 

168 

Aug 

11 

1880 

— 

Sep 

24 

1080 

262 

30 

992 

— 
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TABLE   5 

WATER  QUALITY  DATA 
LIVINGSTON 
WATER  YEAR  1987 


SUSPENDED  SUS.  SED. 

DATE   STREAM-   SPECIFIC   WATER   SUSPENDED   SEDIMENT  SIEVE  DIA, 

FLOW     CONDUCT.   TEMP.   SEDIMENT    DISCHARGE  "/«  FINER 

(cfs)    (us/cm)      (c)      (mg/1)       (t/day)  .062  MM 


Oct 

22 

2210 

230 

Nov 

13 

— 

240 

Dec 

04 

1380 

258 

Jan 

14 

1340 

301 

20 

— 

292 

Feb 

26 

1250 

290 

Mar 

10 

1300 

278 

Apr 

09 

1490 

259 

May 

12 

5280 

110 

21 

5770 

125 

Jul 

01 

3570 

190 

08 

3140 

175 

Aug 

11 

2210 

224 

26 

2230 

225 

Sep 

24 

1530 

277 

10.0 

0.5 

0.5 

0.0 
0.0 

0.0 

3.5       41         144        83 

8.5 

10.0       40         570        49 
7.0 

16.0 

16.0       10  85        43 

16,0 

15.0       63         379        93 

11.5 
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FISHERIES 

From  its  headwaters  south  of  Yellowstone  Park  to  its 
confluence  with  the  Missouri  River  in  North  Dakota,  the 
Yellowstone's  fishery  changes  dramatically.  In  the  upper 
section  17  fish  species  occur  that  are  adapted  to  the 
clear,  cold  waters  of  a  high  gradient  stream.  Only  10 
species,  however,  are  common  in  the  area. 

In  the  Park  above  Tower  Junction,  the  Yellowstone 
cutthroat  is  the  only  trout  species.  In  fact,  only  four 
species  are  found  above  the  Lower  Falls  -  the  cutthroat, 
the  longnose  dace,  the  longnose  sucker,  and  the  redside 
shiner.  Of  those,  only  the  first  two  are  native. 
Downstream  from  the  Lower  Falls,  rainbow  and  brown  trout 
begin  to  appear,  but  the  Yellowstone  cutthroat  still 
predomi  nates. 

Below  Gardiner,  the  common  game  fish  include  cutthroat, 
rainbow  and  brown  trout  and  mountain  whitefish.  Brook 
trout  are  found  in  some  tributary  streams  but  not  in  the 
main  river.  The  whitefish  is  an  important  winter  fishery 
in  the  river  that  is  known  for  its  trout.  Nongame  fish 
common  in  the  area  are  longnose,  white  and  mountain 
suckers,  longnose  dace  and  mottled  sculpin. 

This  section  of  the  river  supports  a  nationally 
renowned  cold-water  fishery.  The  Montana  Fish  and  Game 
Commission  classified  the  river  from  Gardiner  down  to  Big 
Timber  as  a  "Blue  Ribbon"  stream  in  1959.  This  103-mile 
segment  includes  the  68-mile  section  of  the  river  that 
was  inventoried  and  is  the  longest  single  stretch  of  Blue 
Ribbon  water  in  the  state.  Anglers  come  in  droves  to 
fish  this  upper  section  of  the  river  that  contains  23 
percent  of  the  state's  452  miles  of  Blue  Ribbon  waters. 
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rhe  tributaries  to  the  Yellawstone  that  enter  in  the 
Paradise  Valley  contribute  to  the  flow  and  the  -Fishery  of 
the  river.  The  tributaries  from  the  Absaroka  Range 
include  Bear,  Cedar,  Sixmile,  (1  i  1  1  ,  Pine,  Deep,  Sluice 
and  Mission  Creeks.  From  the  Gallatin  Range  flows  the 
Mol  Heron,  Tom  Miner,  Rock,  Big  Fridley,  Eightmile,  Trail 
and  Billman  Creeks.  All  have  resident  trout  populations, 
usually  brook  trout  or  rainbow-cutthroat  hybrids.  Some 
host  resident  cutthroat  in  isolated  headwaters.  All  of 
these  streams  carry  large  spring  discharges  and  most  are 
depleted  during  the  summer  irrigation  season.  Nine  of 
the    16  are  significant   spawning    streams   for    the 

Yellawstone  cutthroat. 
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In  addition  to  these  tributaries,  the  Paradise  Valley 
has  four  famous  spring  creeks  -  McDonald,  Emigrant, 
Armstrong  and  Nelson.  These  creeks  originate  from  ground 
water  and  flow  slowly  toward  the  river,  having  more 
stable  flows,  warmer  water  and  higher  fertility  than  the 
snow-fed  streams.  The  result  is  terrific  fly  fishing 
that  attracts  anglers  from  throughout  the  world  to  test 
their  skills  against  the  resident  rainbow  and  brown 
trout. 

Like   the  mountain  streams,   the  spring   creeks  attract 
spawning   trout   from  the   main  river,   primarily  rainbows 
and  browns.    The  especially  clean   gravel  bottoms  of   the 
spring   creeks,  combined  with  warmer  water  and  more  stable 
flows,  provide  excellent  spawning  grounds  for  the  trout. 

No  major  rivers  join  the  Yellowstone  between  Gardiner 
and  Livingston  in  the  Paradise  Valley.  The  combined 
flows  of  the  mountain  streams  and  the  spring  creeks 
noticeably  increase  the  rivers  volume  as  it  flows  through 
the  valley.  Spring  flows  often  exceed  the  capacity  of 
the  river  to  contain  the  water  within  its  banks  and 
flooding  occurs  periodically.  Irrigation  diversions 
along  the  river,  and  particularly  the  larger,  multi-user 
ditches  supply  water  to  crops  during  the  summer.  Water 
shortages  to  the  detriment  of  the  fishery  is  not  common 
in  the  river. 

The  Yellowstone  cutthroat  is  a  species  of  special 
concern  in  the  Yellowstone  River  drainage  and  is  abundant 
in  the  Park,  where  the  Park  Service's  management 
philosophy  stressing  natural  conditions  and  native 
species  has  prevented,  for  the  most  part,  introduction  of 
non-native  species  and  thus  preserved  the  genetic 
integrity  of  the  Yellowstone  cutthroat.  Outside  the 
Park,   however,   the   Yellowstone   cutthroat   has  suffered 
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many  of  the  declines  experienced  by  other  subspecies  o-F 
cutthroat  and  trout  in  general.  This  decline  can  be 
attributed  almost  entirely  to  the  activities  of  man. 
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The  mainstem  of  the  Yellowstone  still  contains  a 
remnant  population  of  Yellowstone  cutthroat,  but  most 
tributaries  no  longer  contain  viable  populations  in  the 
lower  reaches.  The  headwaters  of  some  tributaries  still 
have  small,  stable  populations.  Dewatering  for 
irrigation,  removal  of  streamside  vegetation  and 
increased  soil  erosion  from  logging,  mining  and  other 
land  uses  have  eliminated  the  cutthroat  from  many  of  the 
streams.  These  dewatered,  polluted  tributaries  can 
interrupt  spawning  runs  which  could  spell  doom  for  the 
Yellowstone  cutthroat  as  it  apparently  does  not  spawn  in 
the  main  river.  With  careful  management,  the  Yellowstone 
cutthroat  can  be  sustained  in  its  remaining  habitat 
inside  and  outside  of  Yellowstone  Park. 
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Like  the  waters  that  flow  to  it,  the  Yellowstone  is 
-Free  and  wild.  Not  a  single  impoundment  constrains  the 
river  from  start  to  -finish  -  all  670  miles.  Natural  flow 
regimes  still  function  and  the  trout,  like  the  river 
itself,  ars  wild.  Table  6  below,  illustrates  the 
distribution  of  fish  species  in  the  upper  Yellowstone 
River . 


TABLE  6. 

DISTRIBUTION  OF  FISH  SPECIES  IN  THE  YELLOWSTONE  RIVER 
GARDINER  TO  LIVINGSTON 


Cutthroat  Trout  XXXX 

Brook  Trout  ++++ 

Rainbow  Trout  XXXX 

Brown  Trout  XXXX 

Mottled  Sculpin  XXXX 

Mountain  Whitefish  XXXX 

Mountain  Sucker  XXXX 

White  Sucker  XXXX 

Langnose  Sucker  XXXX 

Carp  0000 

Goldeye  ++++ 


XXXX   =   Reproductive  Success 

0000   =   Occasional  Occurrences 

++++   =   Occurrences  of  a  Few  Individuals 
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LftND    QIaJNERSHIP    AND    LAND    USE 

Land  ownership  in  the  upper  Yellowstone  River  basin  is 
similar  to  much  of  Montana,  an  intermingling  of  federal, 
state  and  private  lands.  In  the  headwaters  of  the 
Yellowstone  upstream  from  the  inventoried  reach,  the 
National  Park  Service  administers  the  lands  in 
Yellowstone  National  Park.  Downstream,  the  largest 
acreags  in  the  drainage  is  public  lands  administered  by 
the  U.  S.  Forest  Service.  The  federal  Bureau  of  Land 
Management  has  control  of  small  acreages  in  the  basin  as 
does  the  State  of  Montana  whose  lands  are  administered  by 
the  Department  of  State  Lands.  The  private  lands  in  the 
basin  ars  generally  those  near  or  adjacent  to  the  river 
and  other  tributaries  in  the  Paradise  Valley. 

The  public  lands  administered  by  the  Forest  Service 
occupy  the  extensive  higher  elevation  areas  in  the 
drainage.  Land  use  on  Forest  Service  lands  must  meet 
multiple-use  mandates  of  federal  law.  Primary 
consumptive  and  nonconsumpt i ve  uses  on  these  lands  is 
recreation,  livestock  grazing,  wildlife  habitat,  and 
timber  production.  The  Bureau  of  Land  Management  must 
also  comply  with  federal  multiple-use  statutes. 
Consequently,  land  use  on  BLM  lands  is  very  similar  to 
that  of  the  Forest  Service  except  that  no  timber  is  taken 
from  these  lands  due  to  their  location  away  from  upland 
timber  sites. 

State  lands   in  the  drainage  are   used   much  like   the 
private   lands.     The   Department   of   State   Lands  holds 

leases   in   the  basin  for  both   grazing  and   agricultural 

(crop)  production.  The  State  lands  are  exclusively 
intermingled  with  the  private  lands  in  the  Yellowstone 
River  val ley. 
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Private  lands  in  the  upper  basin  are  used  primarily  -For 
agricultural  purposes  including  grazing  and  crop 
production,  the  primary  crop  almost  exclusively  hay.  Due 
to  the  relatively  short  growing  season  in  the  basin  and 
comparatively  cool  temperatures,  the  crops  grown  arB 
primarily  forage  crops  and  occasionally  early  maturing 
varieties  of  small  grains  that  require  90  to  100  days  to 
mature.  Park  County  ranked  seventh  in  the  state  in  1987 
in  the  production  of  hay  with  a  total  of  55,000  acres 
harvested,  an  average  yield  of  2.4  tons  per  acre,  and 
total  production  of  132,500  tons.  The  majority  of  the 
hay  crop  is  irrigated  alfalfa  -  38,000  acres  -  and  much 
of  that  is  grown  in  the  Paradise  Valley. 


c 


Livestock  production  is   the  major  source  of   income  in 
Park   County,   with  cattle   predominating.     In  1987,   the 


39 


■^ 


^^ 


year  the  inventory  was  completed,  receipts  -For  livestock 
in  the  county  totaled  nearly  $15,000,000  while  crop 
production  totaled  only  $3,777,000.  Livestock 
inventories  in  the  county  showed  about  47,000  cattle  and 
5,000  sheep  in  1987.  A  large  portion  of  the  livestock  in 
the  upper  Yellowstone  basin  are  wintered  in  the  valley, 
fed  the  hay  produced  there  and  then,  in  the  summer,  graze 
under  permit  on  federal  lands  at  higher  elevations  while 
hay  is  produced  on  the  bottomlands.  Most  of  the  hay 
produced  is  fed  locally  with  the  remainder  sold  as  a  cash 
crop  to  outlying  areas. 


The  condition   of  rangelands   in  the   area  is   somewhat 
marginal   with   only  51   percent  of   private  rangeland   in 
good  condition  or  better.    Recent  implementation  of  range 
improvement  practices  and   grazing  management  systems  will 
assist  in  the  improvement  of  these  lands. 

Another  important  use  of  the  both  public  and  private 
lands  in  the  valley  is  for  wildlife  habitat  production. 
Statewide,  65  percent  of  all  wildlife  habitat  is  produced 
on  private  lands.  In  the  upper  Yellowstone  basin  the 
relatively  greater  proportion  of  federal  lands  would 
likely  make  that  figure  somewhat  high.  Nonetheless,  the 
basin  is  very  important  to  local  big  game  species 
migrating  from  Yellowstone  National  Park  and  for  local 
papulations  of  game  and  non-game  wildlife  species. 

The  production  of  suitable  quality  waters  from  the 
entire  watershed  is  critical  to  the  fisheries  in  the 
Yellowstone  and  its  tributaries  as  well  as  to  many  other 
water  uses.  Land  uses  in  the  drainage  must  be  compatible 
with  the  production  of  high  quality  waters.  Degradation 
of  water  quality  as  a  result  of  a  particular  land  use  is 
illegal  under  state  law.  Land  use  impacts  to  water 
quality   must   be   judged  for   both   individual   uses   and 
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particular   instances  as   well  as   for   cumulative  impacts 
from  many  separate  uses. 
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Land  use  planning,  whether  a  formal  process  utilized  by 
agency   personnel   or  an   informal   process  undertaken   by 
local   landowners,  must   consider  the   various  impacts   of 
land  use   activities  on   other  users  and   uses  and   ensure 
they  are  compatible  and  acceptable. 
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WATER  USE  AND  WATER  RESERVATIONS 


The  largest  use  of  water  in  the  upper  Yellowstone  River 
basin  is  for  agriculture,  primarily  irrigation  of 
hayland.  Most  of  the  irrigation  in  the  reach  has  been 
developed  privately  by  individuals  and  groups  through 
construction  of  diversions  and  small  dams,  headgates  or 
pump  sites.  The  Park  Branch  Canal  and  Livingston  Ditch 
projects,  two  of  the  largest  in  this  section  of  the 
Yellowstone,  were  "State  Board  of  Water  Resources" 
projects  that  began  operation  in  1937  with  4,50S  and 
3,0S0  acres.  respectively,  under  irrigation.  There  a.re 
other  irrigation  projects  in  the  upper  basin,  but  no 
federal  projects  as  are  common  in  the  lower  Yellowstone. 
Other  water  uses  in  the  upper  basin  include  domestic, 
municipal  and  industrial  supplies,  recreation  and 
instream  flow  for  fisheries  and  water  guality. 
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The  Water  Use  Art  of  1973  made  it  poesible  -far  aqenciee 

and  subdivisions  of  the  State  of  Montana  and  the  federal 
government  to  reserve  water  for  existing  or  future 
consumptive  uses,  and  to  maintain  a  minimum  flow  level 
and  quality  of  water.  The  act  significantly  changed 
water  law  in  Montana.  Prior  to  its  passage,  anybody  who 
wanted  water  simply  diverted  it  from  the  stream  channel 
and  put  it  to  a  beneficial  use.  It  was  not  necessary  to 
file  an  official  notice.  The  new  law  required  anybody 
wanting  to  use  water  to  apply  for  a  water  use  permit; 
therein  ending  a  water-use  system  that  often  resulted  in 
the  depletion  of  flows  in  some  streams  during  water-poor 
years  and  replacing  the  antiquated  system  with  one  that 
allowed  both  instream  flow  and  consumptive  uses  to 
compete  for  the  remaining  water. 

In  the  years  prior  to  1974,  a  large  number  of 
applications  for  water  use  permits  for  drawing 
significant  amounts  of  water  from  the  Yellowstone  River 
were  received  by  the  Department  of  Natural  Resources  and 
Conservation  (DNRC).  Many  of  these  applications 
requested  significant  amounts  of  water  for  energy-related 
industrial  development  in  the  lower  basin.  Reacting  to 
concerns  that  industrial  development  would  harm 
municipal,  agricultural  and  instream  water  uses 
throughout  the  basin,   the  Montana  Legislature  passed   the 

Water  Moratorium  Act  of  1974,  which  suspended  all 
applications  for  water  use  permits  for  diversions  larger 
than  20  cubic  feet  per  second  (cfs)  or  storage  over 
14,000  acre-feet  in  the  Yellowstone  basin  until  March  10, 
1977.  During  this  period,  the  state  determined  the 
amount  of  water  available  for  allocation  and  quantified 
instream  flow  requirements  for  the  Yellowstone  and  its 
tributaries.  The  moratorium  also  allowed  local,  state, 
and    federal   agencies   to   assess    their   future   water 
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requirements  and  submit   applications  -for   the  reservation 
of  water. 

To  reserve  water,  a  qualified  public  body  was  required 
to  apply  to  the  Board  of  Natural  Resources  and 
Conservation  and  establish:  a)  the  purpose  of  the 
reservation,  b)  the  need  for  the  reservation,  c)  the 
amount  of  water  necessary  for  the  purpose  of  the 
reservation,  and  d)  that  the  reservation  was  in  the 
public  interest. 

The  Board  had  the  authority  to  modify  the  reservation 
if  the  objectives  of  the  reservation  were  not  met  or  if, 
in  the  case  of  reservations  requiring  diversion  or 
storage,  progress  toward  the  completion  of  the  necessary 
facilities  was  not  being  made.  Such  progress  was  to 
follow  a  development  plan  submitted  by  the  user  and 
approved  by  the  Board.  The  Board  could  reallocate  all  or 
part  of  the  instream  flow  reservation  if  it  determined 
that  the  amount  of  water  reserved  is  not  required  to 
serve  its  designated  purpose  and  that  the  need  for  the 
reallocation  has  been  shown  by  an  applicant  to  outweigh 
the  need  of  the  original  instream  flow  requirement.  The 
Board  continues  to  hold  this  authority. 

The  moratorium  on  new  appropriations  encouraged 
applicants  to  submit  applications  for  the  reservations 
before  November  1,  1976.  Fearing  that  if  the  moratorium 
was  challenged  in  court  and  overturned  and  the 
opportunity  for  instream  flow  reservation  subsequently 
lost,  the  Department  of  Fish,  Wildlife  and  Parks  filed 
the  first  reservation  application  in  March  1974.  The 
application  requested  seven  million  acre-feet  to  be 
reserved  in  the  main  stem  of  the  Yellowstone  River  from 
the  confluence  of  the  Clark's  Fork  of  the  Yellowstone  to 
the  North  Dakota  border. 


44 


Q« 


Between  1973  and  1976,  DNRC  prepared  an  environmental 
impact  statement  that  analyzed  the  ef-Fects  the  water 
reservations  and  increased  water  use  would  have  on  the 
basin's  hydrology,  geomorpho logy ,  water  quality, 
wildli-Fe,  existing  uses,  recreation  and  economics.  The 
three  year  moratorium  was  later  extended  for  one  year  in 
order  to  enable  federal  agencies  to  apply  for  offstream 
storage  reservations  and  to  allow  DNRC  enough  time  to 
gather  and  analyze  the  data  necessary  for  decisions  on 
the  granting  of  reservations  and  hold  the  required 
hear i  ngs. 

By  November  1,  1976,  30  applications  for  water 
reservations  were  filed  with  DNRC  for  Yellowstone  River 
water.  A  total  of  1,181,559  acre-feet  per  year  was 
requested  for  irrigation.  This  total  included  thirteen 
requests  from  conservation  districts,  two  from  irrigation 
districts,  and  three  from  the  Montana  Department  of  State 
Lands.  Eight  municipalities  filed  applications  totaling 
391,500  acre-feet  per  year  for  domestic  and  municipal 
use.  Two  reservations,  for  a  total  of  1,600,000  acre- 
feet  per  year  for  multipurpose  reservoir  storage,  were 
filed  on  the  Tongue  and  Powder  rivers  by  DNRC.  In 
addition,  the  U.  S.  Bureau  of  Reclamation  filed  for  a 
reservation  of  729,500  acre-feet  per  year  for  three 
offstream  storage  reservoirs  downstream  on  the 
Yellowstone  between  Billings  and  Miles  City. 

Requests  for  major  nonconsumpt i ve  reservations  of 
instream  flows  were  filed  by  the  Department  of  Health  and 
Environmental  Sciences  (DHES)  and  the  Department  of  Fish, 
Wildlife  and  Parks  (DFWP),  the  maximum  being  8,206,723 
acre-feet  per  year  filed  by  DFWP.  The  DFWP's  original 
application  filed  in  1974  had  grown  from  10  pages  to  aver 
300  when   filed  on  November   1,  1976   and  now   included  61 
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tributaries  in  addition  to  the  main  river.  That 
application  was  probably  the  most  controversial  o-F  the  30 
filed.  All  of  the  applications  filed  by  conservation 
districts  mentioned  instream  flows,  although  only  the 
Custer  County  Conservation  District's  application 
mentioned  a  specific  figure. 

Notices  of  reservation  applications  were  printed  in 
local  papers  and  public  hearings  were  held  on  the 
applications  during  the  summer  of  1977.  Attorneys 
representing  the  applicants  presented  their  case  for 
reserved  water  to  a  hearings  examiner  who,  following  the 
hearings,  required  that  each  applicant  prepare  a  proposed 
order  for  the  Board.  The  Board  used  these  orders, 
transcripts  of  the  hearings,  and  lengthy  debate  and 
discussion  to  make  its  final  decision  to  grant  specific 
^,^1^  water   reservations   in   December,   197G.    That   historic 

■^W  decision  granting   the  first-ever  reservation   of  flows  on 

a  major  river  essentially  meant  that  the  Yellowstone 
would  remain  untamed  and  dam  free. 

The  Board,  in  its  decision,  also  established  priorities 
for  the  use  of  the  reserved  water.  Municipal  use  had 
first  priority.  Upstream  from  the  mouth  of  the  Bighorn 
River,  instream  flow  had  second  priority  and  agriculture 
third.  Below  the  confluence  of  the  Bighorn  River  to  the 
North  Dakota  border,  agriculture  had  second  priority  and 
instream  flow  third.  Reservations  for  storage  were 
granted  the  lowest  priority. 

The  reservations   specific  to   the  upper   reach  of   the 
river   include   a  municipal   reservation  for   the  town   of 
Livingston   totaling    4,510    acre-feet    per   year,    an 
irrigation   reservation  for   the  Park   County  Conservation 
%r  District  in  the   amount  of  64,125   acre-feet  per  year  with 

a  maximum  diversion  of  445.9  cfs,   and  an  annual   instream 
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flow  reservation  on   the  Yellowstone   River  at   Livingston 
totaling  1,879,013  acre-feet. 

Since  the  original  reservations  were  granted,  the  Board 
has  authorized  two  changes.  The  first,  authorized  in 
September,  1980,  increased  the  reservation  for  the  City 
of  Billings  from  41,229  acre-feet  per  year,  with  an 
average  diversionary  flow  rate  of  5.9  cfs,  to  53,500 
acre-feet,  with  an  average  diversionary  flow  rate  of  74.0 
cfs.  The  second  change,  authorized  in  November,  1980, 
was  a  result  of  a  decrease  in  the  instream  reservation  of 
the  Yellowstone  above  the  mouth  of  the  Bighorn  River  held 
by  the  DHES  and  DHES.  The  original  reservation  was 
established  on  the  basis  of  the  65th  percentile  flow, 
which  means  that  the  flows  in  excess  of  this  reservation 
could  be  expected  in  65  out  of  100  years.  The  change 
reduced  this  reservation  from  the  65th  to  approximately 
the  83rd  percentile.  This  change  increased  the  amount  of 
water  available  for  the  irrigation  reservations. 
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All  reservation?   were  made  with   the  stipulatian   that 

senior  water  rights  must  be  met  first.  Currently,  many 
of  these  senior  rights  have  not  been  quantified, 
particularly  the  use  rights  which  were  established  simply 
be  putting  the  water  to  beneficial  use.  These  rights  are 
legally  unrecorded,  but  are  valid  if  the  water  user  can 
prove  the  date  on  which  the  beneficial  use  began  and  the 
amount  of  water  used.  These  rights  along  with  filed  and 
decreed  rights  origination  prior  to  July  1,  1973,  are 
currently  being  adjudicated  throughout  the  state  as  part 
of  a  legislative  mandate.  When  the  adjudication  process 
is  complete  and  all  senior  rights  in  the  Yellowstone 
basin  are  quantified,  the  water  available  for  the 
reservations  may  be  slightly  reduced. 

Provisional  water  rights  issued  for  the  Yellowstone 
River  above  Livingston  since  1975  are  shown  in  the 
following  table  and  include  three  categories;  the  amount 
diverted  for  each  use,  the  amount  not  "consumed"  and 
returned  to  the  river,  and  the  amount  "consumed"  or 
dep leted: 

USE DIVERSION RETURN  FLOUi    DEPLETION 

Flood  Irrigation  10,231  3,683  6,548 

Sprinkler  Irrigation  155  50  105 

Municipal  40  25  15 

Livestock  71  o  71 

Industrial  967  0  967 
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INVENTORY  METHODS  AND  PROCEDURES 


The  upper  Yellowstone  River  was  inventoried  in  early 
September,  1987  by  personnel  -From  the  Montana  Department 
of  Health  and  Environmental  Sciences,  Water  Quality 
Bureau.  Three  teams  of  two  people  each  floated  the  67.7 
miles  of  river  between  Gardiner  and  Livingston  to  record 
specific  physical  features  of  the  river. 


Observations  made  during  the  course  of  the  inventory 
were  recorded  on  stream  inventory  field  data  forms  and  on 
large  scale  (1  inch  =  250  feet)  aerial  photos.  The 
photos  of  the  river  were  taken  in  June  1987.  An  example 
on  a  permanently  inked  aerial  photo  is  shown  below  and  a 
field  data  form  and  instructions  are  shown  in  figures  1 
and  2. 


Typical  aerial 
photograph  with 
physical  features 
i 1 lustrated. 
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( 1)      Name   of  Stream: 


(2)      Stream  Reach    Surveyed: 


i  1  k  E  A  M    1  N  V  t  »  T  0  R  V 

(3)   Date  of  Survey: 

^^  (4)   Team  Members: 


[5)  Sheet   No.:   of_ 

(6)  Streamflow    (cfs) 
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Measurements  for  selected  parameters  were  taken 
directly  -from  the  photos  and  compiled  -for  the  entire 
reach  inventoried.  Physical  features  evaluated  indicate 
the  degree  of  stream  stability  and  levels  of  human 
activity  and  influence  or  impact  upon  the  stream 
corridor. 


Features   recorded   during   the   inventory   and 
respective  symbol  on  the  photos  included: 

1.  Eroding  banks   (EB) 

2.  Stream  channel  alterations  or  obstructions 

a.  Fish  barrier  (FB) 

b.  Debris  jam  (DJ) 

3.  Streambank  alterations 

a.  Blanket  rock  riprap  (BRR) 

b.  Rock  jetties  (RJ) 

c.  Car  bodies  (CB) 

d.  River  gravel  (R6) 

e.  Dikes  (D) 

f.  Other  alterations  (OA) 

4.  Bank  mass  wasting  (BMW) 

5.  Unvegetated  noneroding  bank  (UNB) 

6.  Streambank  failure  (SBF) 

7.  Irrigation  diversion  structure  (ID) 

8.  Irrigation  headgate  or  pump  site  (IH)  or     (IP) 

9.  Exposed  bedrock  (B) 

10.  Land  use  adjacent  to  stream 

a.  Grazing  (G) 

b.  Farming  (F) 

c.  Other  (0) 
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Estimates   of   bank   length  or   bank   height   were  made 
during   the  inventory   as  appropriate  for   parameters  such 
as    eroding   banks,    bank   mass    wasting   and    others. 
Measurements  were  later   taken  from  each    photo  to  verify 
exact   distances.   Left  and  right  banks  were  distinguished 
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for  all   parameters  that  did  not   extend  the  entire   width 

of  the  river.  Each  photo  is  individually  numbered  and 
each  parameter  on  the  photo  is  numbered  consecutively  as 
the  inventory  progressed  downstream.  Consequently,  a 
photo  may  have  many  parameter  identification  numbers  that 
correspond  to  the  field  data  forms  or  none. 


FINDINGS 

An  overview  of  the  inventory  data  suggests  that  the 
upper  Yellowstone  River  can  be  divided  into  four  distinct 
reaches  based  on  gradient,  geologic  and  morphologic 
features,  human  impact  to  the  stream  or  a  combination  of 
those  factors.  Table  7  below  highlights  the  significant 
findings  for  the  entire  67  mile  reach  inventoried  and 
table  B  presents  the  complete  inventory  data. 


TABLE  7.    Highlights  of  Significant   Findings  for 
the  Upper  Yellowstone  River  Inventory. 

1.  67,410  feet   of   eroding  banks   -  41,445   right  (east) 
bank    and  25,965  left  (west)  bank. 

2.  2,345  feet  of  streambank  failure. 

3.  9,775  feet   of  bank   mass  wasting   -  5,500   feet  right 
bank    and  4,275  feet  left  bank. 

4.  9,590  feet  unvegetated   noneroding  banks  -  4,135  right 
bank  and  5,455  left  bank. 

5.  3  irrigation  diversions. 

6.  24  headgates  or  pump  sites. 

7.  1,610  feet  of  channel  change. 

B.  44,265  feet  of  blanket  rock  riprap   -  27,140  right  bank 

and  17,255  left  bank. 
9.   Other   miscellaneous   streambank   alterations:   91  car 

bodies,  48  rock  jetties,  and  650  feet  river  gravel. 
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TABLE  8 
YELLOWSTONE  RIVER  PHYSICUL  FEATURES  INVENTORY 


Atm^, 


Bank 

Unvegetated 

Irrigation 

StreaB 

Streaihank 

Photo 

Total 

Eroding 

Streanbank  Mass 

Noneroding 

Irrigation  Headgate/ 

Channel 

(Channel) 

Nuiber 

Length 

Banks 

Failure 

Wasting 

Bank 

Diversion  Puiip  Site 

Change 

Alterations 

(EB) 

(SBF) 

(BH») 

(UNB) 

(ID)     (IH/IP) 

(SCO 

(SBA/SCA) 

440-59 

3325 

1225 

1 

440-61 

4950 

650 

440-63 

4300 

2300 

440-65 

3450 

1025 

250  BRR 

440-66 

3600 

750 

440-67 

4250 

440-69 

4300 

608 

440-71 

5025 

650 

1  CB,  1  C 

440-73 

5550 

2100 

460 

440-75 

5325 

1800 

575 

440-77 

4900 

1625 

440-79 

4060 

870 

1410 

1  RJ,  2  CB 

440-81 

4150 

100 

440-83 

3010 

990 

75 

11  CB 

440-84 

3525 

2  CB,  1  RJ,  100  BRR 

440-85 

3010 

1250 

2  OA 

440-87 

4900 

750 

1  CB,  1  OA. 

440-89 

4650 

2300 

1  CB,  2  RJ,  2975  BR 

440-91 

4800 

4800  BRR 

440-93 

3025 

875  BRR 

440-94 

4050 

440-96 

4525 

575  BRR 

440-98 

3375 

1  OA 

438-115 

3375 

lOA 

438-114 

5440 

438-112 

5025 

438-110 

4890 

2CB 

438-108 

4910 

1315 

1 

438-106 

5390 

225 

650  BRR 

438-104 

5415 

1540 

438-102 

4410 

235 

438-100 

4540 

4  RJ,  540  BRR 

438-98 

4425 

1  RJ 

438-96 

4515 

3  RJ,  720  BRR 

438-94 

4850 

2925  BRR.  11  CB 

438-92 

4400 

1 

225  BRR,  250  RG 

438-90 

4650 

725 

1585  BRR,  2  RJ 

438-88 

5200 

875 

1125  BRR 

438-86 

5175 

1625 

5  RJ,  225  BRR 

438-84 

2525 

15  RJ,  225  BRR 

438-83 

4775 

3475 

400  RG 

438-81 

6250 

2200 

438-79 

5200 

1815 

1  OA 
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Bank 

Unvegetated 

Irrigation 

Streao 

Streanbank 

Photo 

Total 

Eroding 

StreanbanX  Hass 

Nonerodiog 

Irrigation 

Headgate/ 

Channel 

(Channel) 

NuBkr 

Length 

Banks 

Failure 

Wasting 

Bank 

Diversion 

Punp  Site 

Change 

Alterations 

(EB) 

(SBF) 

(BUS) 

(UNB) 

(ID) 

(IH/IP) 

(SCO 

(SBA/SCA) 

438-77 

3475 

1  RJ,  1250  BRR 

438-75 

4300 

1975 

275  BRR,  1  RJ 

438-73 

5075 

5390 

640  BRR,  2  RJ,  1  CB 

438-71 

5450 

2925 

1075 

438-69 

4675 

3825 

2  OA 

438-67 

4850 

250  BRR,  1  OA  (625') 

438-65 

3400 

1 

438-63 

3250 

1150  BRR 

438-61 

4750 

438-59 

5125 

438-57 

4875 

1 

438-55 

4000 

1 

438-53 

5810 

438-52 

4565 

438-50 

5750 

438-49 

5850 

438-47 

2425 

t 

438-45 

4975 

1750 

210 

1 

438-43 

2375 

975 

1 

1 

438-42 

8275 

3060 

3250 

840 

438-39 

2300 

510 

825 

240 

2  RJ,  495  BRR 

438-37 

4425 

1120 

059 

300  BRR 

438-35 

4625 

1550 

130  BRR,  1  OA 

438-33 

6300 

3400 

438-31 

5600 

825 

1275 

2  RJ,  1  CB 

438-29 

5410 

4370 

1500  BRR,  1  RJ,  1  CB 

438-27 

5890 

2965 

1795  BRR,  1  RJ 

438-25 

4450 

2970  BRR 

438-23 

2940 

1465 

1  RJ 

438-21 

5420 

2255 

1610 

4715  BRR, 

438-19 

3960 

3055 

1 

1 

1800  BRR,  4  CB,  1  RJ 

438-17 

4290 

1675 

1 

4  OA,  135  BRR,  51  CB.  1  RJ 

438-15 

4590 

615 

1510  BRR 

438-14 

2875 

1625  BRR 

438-13 

3495 

615 

1 

1  RJ 

438-11 

5160 

1 

1 

4890  BRR,  2  CB, 

439-9 

1050 

1040  BRR 

TOTALS 

357445 

67410 

2325 

9775 

9590 

3 

24 

1610 

44265  BRR 

TOTAL  BY  BANK 

41445  Right 

5500  Right 

4135  Right 

27140  Right 

25965  Let 

t 

4275  Left 

5455  Left 

17225  Left 

PERCENT  OF  TOTAL    9,42    (1      1.367 
TOTAL  BANK  LENGTH  -  714890  feet  -  135,4  niles 


1.341 


<1 


6,2 


HISC.  ALTERATIONS; 


91  Car  Bodies  (CB);   48  Rock  Jetties  (RJ) 
10  Other  Alterations;  650'  River  Gravel  (RG) 
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Four  distinct  reaches  have  been  separated  on  the  basis 
of  their  respective  differences  in  gradient,  geologic  and 
morphologic  features,  and  degree  of  human  influence  and 
impact.  These  reaches  can  be  readily  distinguished  in 
the  preceding  table.  For  the  ease  of  data  analysis,  the 
individual  reach  data  is  also  presented  in  tables  9 
through  12.  Figure  3  illustrates  the  gradient 
differences  in  each  reach. 

Reach  1  -  from  Gardiner  to  the  confluence  of  Tom  Miner 
Creek  -  was  an  arsa  of  relatively  steep  gradient.  The 
stream  channel  was  restricted  in  many  places  by  a  narrow 
valley,  often  consisting  of  large  rocks  or  rock  walls. 
The  gradient  in  this  reach  was  19.7  feet  per  mile  or  .37 
percent.  The  geologic  features  of  this  reach  restrict 
the  lateral  movement  of  the  river-  Erosion  in  the 
section  is  limited  by  the  relative  abundance  of  bank  rock 
and  unvegetated  noneroding  banks.  In  fact,  the  section 
accounted  for  86  percent  of  the  total  unvegetated 
noneroding  banks  recorded  in  all  reaches,  but  only  6.4 
percent  of  total  banks  in  the  section  were  eroding. 

Human  influences  on  this  part  of  the  river  consisted 
primarily  of  Highway  89  that  parallelled  the  river 
throughout  much  of  the  reach  due  to  the  narrow  valley, 
especially  through  Yankee  Jim  Canyon.  Residences  on  the 
terrace  above  the  river  have  had  negligible  impact  on  the 
river.  Occasional  roads  to  the  river  in  the  section 
allow  recreational  access  to  the  river  but  have  little 
impact. 

Reach  2   -  from   Tom  Miner   Creek  to   Chicory  about   22 
miles  downstream   -  was   an  area       of  significantly   lower 
gradient  -  only   4.7  feet  per  mile   or  .09  percent.    This 
area  exhibited   evidence   of   more  intensive   agricultural 
use  as  shown  by  increased  incidences   of  and  total   length 
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FIGURE  3 
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of   eroding  banks.     Twelve   percent  or   28,145   -feet   of 
eroding  banks  were  recorded  in  this  section. 

The  reach  was  obviously  a  sediment  deposition  s.rea  for 
the  sediment  produced  in  Reach  1  and  more  importantly  for 
the  large  sediment  loads  produced  upstream  in  the 
drainage  in  Yellowstone  National  Park.  As  the  river 
flowed  out  of  the  canyon  area  and  into  the  head  end  of 
the  Paradise  Valley,  the  gradient  decreased  sharply,  the 
sediment  began  to  deposit  and  the  river  adapted  a  braided 
channel  pattern  unlike  the  reach  above  or  below. 

The  highway  is  not  commonly  in  close  proximity  to  the 
river  in  Reach  2  and  therein  not  an  influencing  factor  on 
the  river.  The  10,385  feet  of  blanket  rock  riprap  were 
installed  primarily  to  protect  hay  fields  and,  less 
commonly,  a  building  or  structure  close  to  the  stream. 
Landowners  in  the  reach  often  (and  sometimes  mistakenly) 
used  rock  jetties  in  an  attempt  to  manipulate  the  river 
and  protect  adjacent  lands  as  33  of  the  total  48  rock 
jetties  were  found  in  this  reach. 

Reach  3  -  from  Chicory  downstream  10.4  miles  to  the 
mouth  of  McDonald  Creek  -  exhibited  the  least  impact  of 
any  reach  in  the  inventory.  Table  11  shows  that  with  the 
exception  of  four  headgates  or  pump  sites  and  two  small 
areas  of  riprap,  no  other  observations  were  recorded. 
The  gradient  in  the  reach  was  even  lower  than  that  of  the 
upstream  reach  -  4.3  feet  per  mile  or  .08  percent. 
Although  the  highway  and  the  river  are  adjacent  in  many 
places  in  the  reach,  its  impact  to  the  stream  appeared  to 
be  almost  insignificant. 

The  braided   stream  channel  common   in  Reach  2   was  not 
common  in  Reach   3  where  the  channel  adopted  a  straighter, 
more   non-sinuous   pattern.    The   riparian   vegetation  in 

58 


o 


(J 


this  reach  was  more  abundant  than  in  any  other  section  o-f 
the  river  and  this  is  reflected  in  the  data  as  no  eroding 
banks  were  observed.  Less  sinuosity  combined  with 
heavier  vegetated  streambank  cover  typically  results  in 
less  erosion.  Further,  agricultural  use  immediately 
adjacent  to  the  river  was  less  intensive  and  less 
intrusive  than  in  either  the  upstream  or  downstream 
reach. 

Reach  4  -  -From  McDonald  Creek  to  Livingston  almost  17 
miles  downstream  -  showed  the  greatest  human  influence 
and  impact  as  would  be  expected.  A  compounding  factor  to 
the  human  impacts  recorded  in  the  reach  was  that  the 
gradient  in  the  reach  increased  significantly  over  that 
of  the  two  reaches  above  to  15.9  feet  per  mile  or  .30 
percent.  These  two  factors  -  greater  human  influence  and 
increased  gradient  -  are  the  primary  contributors  to  the 
lower  stability  of  the  river  in  this  section.  Over 
fifteen  percent  of  the  banks  were  eroding  -  26,905  feet  - 
and  bank  mass  wasting  occurred  on  9,700  feet  of 
streambank.  The  entire  1,610  feet  of  stream  channel 
change  observed  during  the  inventory  was  recorded  in  this 
reach.  A  majority  -  52  percent  -  of  the  total 
inventoried  riprap  was  also  recorded  in  the  section  and 
was  installed  to  protect  hay  land,  building,  the  highway, 
and  several  bridges  near  Livingston. 

The  higher  erosion  rates  and  lower  stream  stability  Are 

reflected   by   the   stream's   return   to   a   more   braided 

channel   pattern   in   the   section,   particularly   further 

downstream   near   Livingston.     More   structures  such   as 

bridges   and   roadways   attempting   to  contain   and   often 

redirect   river  flows   also  contribute   to  changes   in  the 

river   in  this  section,   as  does  increased  residential  and 

commercial  development  on  or  near  the  streambanks.  This 
channel  will  continue  to  migrate  as  forces  Are    applied. 
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TABLE  9 
REACH  1 
YELLOBSTONE  RIVER  PHYSICAL  FEATURES  INVENTORY 


Bank 

Unvegetated 

Irrigation 

Strean 

Streanbank 

Photo 

Total 

Eroding 

Streanhank  Mass 

Noneroding 

Irrigation 

Headgate/ 

Channel 

(Channel) 

NuBber 

Length 

Banks 

Failure 

Wasting 

Bank 

Diversion 

Punp  Site 

Change 

Alterations 

{EBt 

(SBF) 

(BMW) 

(UNB) 

(ID) 

(IH/IP) 

(SCO 

(SBA/SCA) 

440-59 

3325 

1225 

1 

440-61 

4950 

650 

440-63 

4300 

2800 

440-65 

3450 

1025 

250  ERR 

440-66 

3600 

750 

440-67 

4250 

440-69 

4300 

600 

440-71 

5025 

650 

1  CB,  1  C 

440-73 

5550 

2100 

400 

440-75 

5325 

1800 

575 

440-77 

4900 

1625 

440-79 

4060 

870 

1410 

1  HJ,  2  CB 

440-81 

4150 

100 

440-83 

3010 

990 

75 

11  CB 

440-84 

3525 

2  CB,  1  RJ,  100  BRR 

440-85 

3010 

1250 

2  0A 

440-87 

4900 

750 

1  CB,  1  OA, 

440-89 

4650 

2300 

1  CB,  2  RJ,  2975  BR 

440-91 

4800 

4800  BRR 

440-93 

3025 

875  BRR 

440-94 

4050 

440-96 

4525 

575  BRR 

440-98 

3375 

1  OA 

2  0A 


TOTALS    96055   12360   1250 


75 


8260 


12 


0  9575 


Total  Bank 
Length  R  &  L 

Percent  Total 
Bank  Length 


192,110 


6,4 


.0004 


4.3 


Streaiihank  Alterations;   17  Car  Bodies 

4  Rock  Jetties 


6  Other  Alterations 
1  Culvert 


6radient:358  foot  decrease  in  elevation  =  19.7  feet  per  nile  '  .37  * 
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TABLE  10 
REACH  2 
YELLOWSTOSE  RIVER  PHYSICAL  FEATURES  INVEHTORY 


Bank  Unvegetated 

Photo   Total   Eroding  Streanbank  Hass  Noneroding 

NuBkr  Length  Banks   Failure   Vasting  Bank 

(EB)    (SBF)     (BW)  (UNB) 


Irrigation  Stream  Streanbank 

Irrigation  Headgate/  Channel  (Channel) 

Diversion  Puiip  Site  Change  Alterations 

(ID)      (IH/IP)  (SCO  (SBA/SCA) 


438-115  3375 

438-114  5440 

438-112  5025 

438-110  4890 

438-108  4910    1315 

438-106  5390    225 

438-104  5415    1540 

438-102  4410    235 

438-100  4540 

438-98  4425 

438-96  4515 

438-94  4850 

438-92  4400 

438-90  4650    725 

438-88  5200    875 

438-86  5175    1625 

438-84  2525 

438-83  4775    3475 

438-81  6250    2200 

438-79  5200    1815 

438-77  3475 

438-75  4300    1975 

438-73  5075    5390 

438-71  5450    2925   1075 

438-69  4675    3825 


1  OA 


2  CB 

650  BRR 

4  RJ,  540  BRR 

1  RJ 

3  RJ,  720  BRR 

2925  BRR, 

11  CB 

225  BRR, 

250  KG 

1585  BRR, 

2RJ 

1125  BRR 

5  RJ.  225  BRR 

15  RJ.  225  BRR 

400  R6 

1  OA 

1  RJ,  1250  BRR 

275  BRR. 

1  RJ 

640  BRR, 

2  RJ,  1  CB 

2  0A 


c 


TOTALS   118335   28145   1075 


TOTAL  BANK 
Length  R  &  L 

Percent  Total 
Bank  Length 


236670 


12 


,005 


Streanhank  Alterations:   14  Car  Bodies 

33  Rock  Jetties 


0 

3  Other  Alterations 
650  River  Gravel  (ft) 


Gradient:  106  foot  decrease  in  elevation  -  4.7  feet  per  nile  =  .09  % 


0  10385  BRR 
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TABLE  11 
REACH  3 

YELLOWSTONE  RIVER  PHYSICAL  FEATURES  INVENTORY 
• 

Bank    Unvegetated  Irrigation  Strean  Streanbank 

Pboto   Total   Eroding  Streasbank  Mass     Noneroding   Irrigation  Headgate/  Channel  (Cbannel) 

Nunber  Length  Banks   Failure   Wasting   Bank      Diversion  Puiip  Site  Change  Alterations 

(EB)    (SBF)     (Bffl)    (UHB)      (ID)  (IH/IP)  (SCO  (SBA/SCA) 

438-67  4850  250  BRR,  1  OA  (625' 

438-65  3400  1 

438-63  3250  1150  BRR 

438-61  4750 

438-59  5125 

•      438-57  4875  1 

438-55  4000  1 

438-53  5810 

438-52  4565 

438-50  5750 

^,    438-49  5850 

#^    438-47  2425  1 


TOTALS   54650     0       0      0        0       0        4     0  1400  BRR 

Total  Bank 

Length  R  k  L  109300 

Percent  Total 

Bank  Length  0  0  0  0  .013 

Streanbank  Alterations;   1  Other  Alteration  (625  foot  concrete  retaining  wall) 

Gradient:  45  foot  decrease  in  elevation  =  4.3  feet  per  nile  =  .08  % 
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TABLE  12 
REICH  4 
YELLOBSTONE  RIVER  PHYSICAL  FEATURES  INVENTORY 


Photo 

Total 

Eroding 

Streanhank  Mass 

Rutber 

Length 

Banks 

failure 

Vastin 

(EB) 

(SBF) 

(Bm) 

438-45 

4975 

1750 

438-43 

2375 

975 

438-42 

8275 

3060 

3250 

438-39 

2300 

510 

825 

438-37 

4425 

1120 

950 

438-35 

4625 

1650 

438-33 

6300 

3400 

438-31 

5600 

825 

1275 

438-29 

5410 

4370 

438-27 

5890 

2965 

438-25 

4450 

438-23 

2940 

1465 

436-21 

5420 

2255 

438-19 

3960 

3055 

438-17 

4290 

1675 

438-15 

4590 

615 

438-14 

2875 

438-13 

3495 

615 

438-11 

5160 

439-9 

1050 

TOTALS 

88405 

26905 

0  9700 

Total  Bank 

Length  I 

i  I  L 

176810 

Percent  Total 

Bank  Length 

15.2 

0   ,055 

Bank    Unvegetated  Irrigation  Strean  Streanhank 

Honeroding  Irrigation  Headgate/  Channel  (Channel) 

Bank  Diversion  Puiip  Site  Change  Alterations 

(UNB)  (ID)  (IH/IP)  (SCO  (SBA/SCA) 


250 


240 


1330 


2  HJ,  495  BRR 

300  BRR 

130  BRR,  1  OA 

2  RJ,  1  CB 

1500  BRR,  1  RJ,  1  CB 

1795  BRR,  1  RJ 

2970  BRR 

1  RJ 

1610  4715  BRR, 

1 

1800  BRR,  4  CB.  1  RJ 

1 

4  OA,  135  BRR,  51  CB,  1  RJ 

1510  BRR 

1625  BRR 

1 

1  RJ 

1 

4890  BRR,  2  CB, 

1040  BRR 

8 

1610  22905  BRR 

.006 


13 


Streanhank  Alterations:   10  Rock  Jetties 

59  Car  Bodies 


5  Other  Alterations 


Gradient;  276  foot  decrease  in  elevation  =  15.9  feet  per  nile  -  ,30  ^ 
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CONSIDERftTIONS  FOR  THE  MANAGEMENT  OF  STREAM  CORRIDORS 

Recognizing  that  river  and  streams  require  room  to  -Flow 
and  function  within  their  floodplain  is  essential.  If 
the  integrity  of  the  river  system  is  to  be  maintained,  we 
must  consider  the  channel  and  the  floodplain  as  an 
interdependent  system.  Human  encroachment  on  the  river 
and  its  floodplains  has  contributed  to  many  of  the  ills 
associated  with  our  rivers.  A  knowledge  and  an 
appreciation  that  rivers  arB  indeed  dynamic  and  require 
room  to  function  will  aid  in  lessening  future  impacts. 
Landowners  living  along  rivers  should  be  encouraged  to 
practice  management  actions  that  will  enhance  the 
stability  of  streambanks  and  floodplains.  Woody 
vegetation,  so  important  to  bank  stability,  should  be 
encouraged  and  protected  whenever  possible.  Grazing  of 
livestock  in  the  river  corridor  can  be  compatible  if 
domestic  animals  are  well  managed  and  not  allowed  to 
concentrate,  overgraze,  and  trample  streambanks.  Farming 
is  also  possible  provided  cultivated  areas  are  not 
directly  adjacent  to  the  banks. 

In  general,  any  stream  corridor  management  activity 
should  consider  stream  dynamics  and  development  and  the 
importance  of  riparian  vegetation  in  promoting  streambank 
stability,  intercepting  sediment  during  high  water 
periods,  and  in  maintaining  perennial  flow.  Streambank 
erosion  and  flooding  are  natural  processes  but  can  be 
accelerated  by  changing  watershed  and  streamside  cover, 
runoff  patterns,  and  encroachment  on  the  stream  corridor 
by  agriculture,  industrial  and  urban  development. 

Treatment  of  stream   corridor  problems  in  the   past  has 
been   typically  in  reaction   to  single-site  problems.   The 
solutions   were  often   effective  but   expensive  structural 
measures,  with  little  regard  for  other   stream  values.   In 
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addition,  past  stream  management  o-Ften  relied  on 
simplistic  solutions  to  complex  problems,  -Failing  to 
adequately  address  the  stream's  response.  In  rivers  with 
active  channel  shifting,  attempts  to  confine  the  channel 
to  a  single  position  or  to  completely  eliminate  bank 
erosion  often  have  adverse  impacts  on  aquatic  life  and 
are  likely  to  trigger  erratic  response  by  the  river. 
Channel  or  bank  modifications  can  instigate  erosion  or 
sedimentation  changes  at  the  treated  site  with  attendant 
disturbance  of  the  stream's  equilibrium  -  both  upstream 
and  downstream  from  that  site. 


In  many  streams  not  appreciably  affected  by  man's 
activities,  a  channel  -  with  relatively  stable  bed, 
banks,  and  islands  -  develops  in  equilibrium  with  the 
amount  of  water  and  sediment  supplied  by  the  system. 
This  channel  carries  moderate  sediment  loads  and 
experiences    gradual    downcutting    and    slow    lateral 
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migration   as  water   and  sediment   move  through   the  river 

system. 

Channel  equilibrium  is  neither  per-fect  nor  static;  it 
is  a  dynamic  condition.  However,  over  the  short-term  in 
a  given  channel  reach,  the  channel  form  and  the  rates  of 
erosion  and  deposition  on  the  banks  and  bed  fluctuate. 
Departures  from  this  equilibrium  condition  have  two 
extremes  -  active   downcutting  and   rapid  accumulation   of 

sediment.  While  other  factors  may  also  be  important, 
downcutting  typically  reflects  a  channel  that  is 
adjusting  to  several  conditions  -  a  deficit  in  bed 
material  supplied  by  the  watershed,  an  increase  in 
streamflow  available  to  transport  sediment,  or  an 
increase  in  channel  slope.  Slope  increase  and  associated 
increases  in  stream  velocity  are  most  often  caused  by 
cutoff  of  natural  meanders  or  channel  alterations. 

Aggradation,   or   the   building   up   of    streambed   by 
deposition,   normally  occurs   in  response  to   increases  in 
bed   materials  supply,   change  in  channel   gradient,  or  to 
decreases   in   the   amount   of   streamflow   available    to 
transport  bedload. 

Variations  in  the  slope  and  width  of  the  river  valley 
may  also  cause  a  channel  to  aggrade  or  degrade.  For 
example,  in  many  small  headwater  tributaries  the  channel 
slopes  are  steep  and  sediment  supply  is  small  and 
downcutting  occurs.  Conversely,  as  the  channel  leaves  the 
steeper  mountain  valley,  it  often  encounters  a  marked 
decrease  in  gradient  resulting  in  reduced  sediment 
transport  capacity  and  deposition  of  bedload  materials. 

As  erosion   occurs  along  the  concave  or  outer  bank  of  a 
meander   bend,  it  is  balanced  by  a   nearly  equal  amount  of 
deposition   on   the   point   bar   located   on   the  opposite 
convex  bank  downstream.    The   channel  gradually   migrates 
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laterally  across  the  -f  loodp  lai  n,  reworking  older 
floodplain  deposits  a  it  moves.  Lateral  migration  can  be 
accelerated  through  reduction  or  removal  of  streamside 
vegetation,  by  grazing  and  trampling  of  streambanks  by 
livestock,  and  through  farming  to  the  edge  a-F  the  bank. 
In  some  streams  much  of  the  banks  within  an  equilibrium 
channel  reach  may  be  actively  eroding  at  a  modest  rate. 

Whether  or  not  natural  erosion  is  a  problem  depends  on 
its  proximity  to  cultural  developments,  its  impact  on 
land  use,  and  its  overall  effect  on  stream  sediment  loads 
and  aquatic  resources.  Stream  life  -  fishes,  insects  and 
plants  -  evolved  and  flourish  in  channels  with  "natural" 
amounts  of  bank  erosion.  Stream  channels  that  depart 
widely  from  equilibrium  often  are  troublesome  to  those 
who  live  along  them  and  to  those  who  depend  on  or  use 
them. 
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DISCUSSION  AND  RECOMMENDATIONS 


The  Yellowstone  River  corridor  has  ecological, 
recreational  and  economic  attributes  that  make  it  a 
highly  valuable  resource  to  the  basin  and  to  the  state. 
This  inventory  is  intended  to  provide  baseline  or 
benchmark  data  for  selected  natural  and  physical  features 
useful  for  applying  a  systems  approach  to  the  management 
of  the  river- 
Future  changes  that  result  from  either  natural  events 
or  man-caused  activities  can  be  compared  with  conditions 
existing  at  the  time  of  the  inventory.  Subsequent 
changes  and/or  departures  from  conditions  at  the  time  of 
the  inventory  can  be  recorded  and  documented.  The 
inventory  may,  for  example,  prove  to  be  an  important 
resource  tool  in  gauging  the  effects  the  devastating 
fires  of  1988  in  Yellowstone  Park  have  had  on  the  upper 
Yellowstone  River  watershed. 

Problem  areas  and  specific  sites  have  been  identified 
throughout  much  of  the  upper  Yellowstone  corridor  as  a 
result  of  the  inventory.  Management  needs  in  the 
corridor  should  be  directed  at  maximizing  long-term 
streambank  stability,  maintaining  channel  equilibrium  and 
reducing  or  solving  man-caused  or  -aggravated  erosion 
problems.  These  problems  will  require  time  and  a  variety 
of  treatments,  management  strategies,  and  financial 
resources.  The  extent  of  streambank  erosion,  especially 
in  the  lower  river,  makes  large-scale  structural 
treatment  too  costly  to  be  a  viable  alternative  for 
correcting  the  problems  of  many  landowners.  For  this 
reason,  landowners'  highest  priority  should  be  directed 
toward  the  management  of  the  river  corridor  and,  where 
possible,    its   vegetation    to   maintain    and   increase 
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streambank  stability. 

Areas  o-F  streambank  instability  on  the  Yellowstone  are 
confined  to  those  areas  identified  in  Reach  2  in  the 
upper-middle  section  of  the  inventory  and  in  Reach  4  at 
the  lower  end  of  the  inventory.  Because  the  Yellowstone 
River's  ever-changing  nature,  it  is  neither  possible  nor 
economically  practical  to  treat  all  eroding  banks. 
Geologic  erosion  is  a  natural  process  in  floodplain 
building.  Efforts  should  be  directed  toward  solving  man- 
caused  streambank  erosion.  Critical  streambank  erosion 
and  sediment  sources  should  be  identified  and 
opportunities  for  treatment  examined.  Solutions  to  many 
of  the  river's  erosion  problems  will  require  a  team 
effort  of  resource  specialists  working  in  concert  with 
the  landowners. 

The   following   general   recommendations   are   made   to 
assist  landowners  and  others  interested   in  the  welfare  of 
the  Yellowstone  River: 

1.  Where  eroding  streambanks  have  been  identified,  the 
need  for  treatment  should  be  evaluated  and  a  management 
plan  developed  for  correction  where  practical  and 
economically  feasible. 

2.  In  areas  of  the  river  corridor  that  are  grazed  by 
domestic  livestock,   grazing   management   plans  should   be 

'developed  that  recognize  the  value  of  maintaining 
streamside  vegetation  for  bank  and  flood  protection, 
water  quality  maintenance,  and  wildlife  and  fish  habitat. 

3.  Livestock  confined  and  fed  during  the  winter  months 
and  calving  season  should  not  be  concentrated  along  the 
river.  Such  confinement  can  cause  soil  compaction, 
breakdown  of  streambanks,  increased  sedimentation,  and 
mechanical  damage  to  woody  plants  through  rubbing  and 
tramp  1 i  ng . 
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4.  Ef-Forts  should  be  directed  at  encouraging  landowners 
to  maintain  natural  streambank  vegetation  along  the  river 
corridor.  Farming  and  cultivating  directly  adjacent  to 
the  bank  should  be  discouraged. 

5.  Where  natural  streambank  vegetation  has  been  removed, 
reduced  or  destroyed,  landowners  should  be  encouraged  to 
reestablish  it  naturally  ar  to  replace  it  with  native 
and/or  introduced  woody  and  herbaceous  plant  material. 

6.  Irrigation  diversions  made  of  rock  and  gravels  should 
be  replaced  with  permanent  diversion  structures  that 
cause  less  damage  to  the  stream  and  aquatic  habitat. 

The  correction  of  existing  problems  can  be  expensive  - 
both  in  time  and  in  financial  commitment.  Much  can  be 
accomplished  to  reduce  or  lessen  the  impact  of  potential 
problems  along  the  Yellowstone  by  recognizing  that  the 
river  is  not  a  fixed  system,  but  is  dynamic,  ever 
changing,  and  requires  room  to  function. 

The  Yellowstone  is  a  beautiful  river  system;  a  one-of- 
a-kind  free  flowing  river  that  will  never  be  tamed  or 
tethered  by  the  structural  blunders  of  man.  As  a 
resource,  its  economic  and  environmental  attributes  are 
inseparable.  For  this  reason,  proper  management  of  the 
river  corridor  is  vital  to  the  people  of  the  entire 
Yellowstone  River  basin.  Solving  the  relatively  moderate 
resource  problems  along  the  river  will  require  the 
cooperation  and  attention  of  the  local  landowners  working 
with  various  resource  specialists.  Success  in 
maintaining  the  present  quality  of  the  river  will  require 
the  dedication,  time,  patience,  and  financial  support  of 
all  those  whose  believe  the  Yellowstone  River  is  a 
special  resource  -  a  special  and  irreplaceable  river 
worth  protecting. 
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APPENDIX  A.   -   GLOSSARY  OF  TERMS 


Acre-Foot   -  The  amount  of  water  needed   to  cover  one  acre 
one   foot   deep;  43,560   cubic   feet;  325,000   gallons; 
approximately  one  year's   water  supply  for  a   family  of 
five. 

Aggradation  -  progressive   deposition  of   materials  within 
the  stream  channel. 

Alluvium  -  Unconsolidated   materials  deposited   by  running 
water  including  sand,   silt,  clay,  gravel,  cobbles   and 
the  mixtures  of  these. 

Blanket   Rock  Riprap   -  large   diameter  rock   placed  along 
streambanks  to  prevent  erosion. 

Bank  Mass   Wasting  -  Movement   of  bank  soil  materials  into 
the  river  by  mass  wasting/mass  movement  involving  large 
bodies  of   material  slumping,   sliding  or    flowing   into 
the  river. 

Braided  -  channel   description  indicating   the  criss-cross 
pattern   of  two  or   more  channels   divided  by  a   bar  or 
island. 

Cubic   Feet  Per  Second  (CFS)  -  discharge   from  a  flume  one 
foot  wide   by  one   foot  high   flowing  at   one  foot   per 
second;  equal  to  40  miner  inches. 

Degradation    -    progressive    stream   channel    or    bed 
downcutting  or  scour  over  long  periods  of  time. 

Gradient   -  steepness   of  a   stream,  usually   presented  in 
elevation  decrease  per  mile  of  stream. 

Meander  -   the   bend   in   a  river;   sinuous   formation   of 
curves  in  channel  patterns. 

Riparian   -   riparian   refers  to   the   moisture-influenced 
ecosystems   which  border   lakes,  rivers   and   other  wet 
areas.    Riparian  areas   often  function  as   buffer  zone 
between  the  water  body  and  upland  sites. 

Thalweg   -   the   line  of   maximum  water   depth   within  the 
river  channel . 
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